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OPTO-THERMAL MATERIAL MODIFICATION 
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The present invention genera lly relate s to a system for enhancing an d im proving the 
transcutaneous or transdermal delivery of various topical substances^ chemicals or drues. The 
present invention also relates ge nerally to the application of e ner gy to organic and non-org anic 
materials, bio lo gical tissue, and more specifically to the application of ener gy to the skin. 

10 

BACKGROUND OF THE INVENTION 

{O0O3]-Recent studies of tissue healing process have demonstrated that an injury to the upper 
layers of a person skin will result in collagen regeneration and the growth of a more elastic, 
1 5 younger looking skin. 

fOOO^Several methods for generating this effect have been attempted. A mild photo-damage 
will cause some blistering followed by a natural removal of a few outer layers of the skin. Such a 
process usually results in a younger looking skin. Similar results can be obtained fi-om a 

20 mechanical or opto-mechanical removal of a few surface layers by an abrasive or ablative 

processes. One such process is known as micro-de miabarasion dermabrasion and involves the 
removal of skin by a stream of Aliiminum oxide particles aimed at the surface of the skin. 
Alternatively, a mechanical scraping of the skin outer sxxrface layers with an abrasive material 
such as fine sand paper is also deployed to achieve such abrasive effects. A more sophisticate yet 

25 expensive method involves Er:YAG laser sources of relatively short pulse duration (for example 
a few hundreds microseconds long) and a highly water-absorbed wavelength of 2.94 micrometer 
(Or, alternatively 2.79 micrometer of the Er:YSGG fi-ee-running lasers). Other methods involve 
somewhat longer exposure to somewhat more deeply water-penetrating beams such as those of 
the 9.6 micrometer and 10.64 micrometer CO2 laser beams to generate a layer of thermally 

30 damaged surface a few hundred micrometer thick. Such deeper skin tissue coagulation usually 
results in the most aggressive tissue damage and the longest healing time but also in the most 
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effective removal of wrinkles and most effective "Skin rejuvenation" and younger-appearing 
skin. 

f©004]-These prior art procedures represent some beneficial results but also provide potential risk 
5 to the patients in the form of excessive damage and danger of scarring. Abrasive processes often 
result in excessive cutting, bleeding and pain and sometimes lead to infection, and scarring. 
Laser treatments are expensive and often result in significant pain excessive thermal tissue 
damage and lead to permanent scarring. 

10 It is known in the art to applv electro magnetic energv to biological tissue to e ngender changes 
therein. Sunbathers. for example, regularlv expose themselves to bright sunlight in order to 
increase melanocvte activitv in the basal layer of the epidermis, responsive to the sun's 
ultraviolet (UV) radiation. Artificial UV sources have been created to satisfy the desire for a 
"healthv"-lo oking tan in the winter. Other forms of electromagnetic energv. laser-liglit in 

15 particular , are cur rently used in a lar^e range of therapeutic and cosmetic procedures, including 
eve sur gerv. hair removal, wrinkle removal, and tattoo removal. 

PCT publication WO 98/55035. which is inc orporate d herein bv reference, describes methods for 
minimizing iniurv to biological tissue surrounding a site exposed to pulses of electromagnetic 
20 energv. 

U.S. Pat. No. 5.752.94 9 to Tankovich et al., which is i ncorporat ed herein bv reference, describes 
a hair-removal method for placing a contaminant in the skin, using a laser to create explosions to 
drive the contaminant deep into hair ducts in the skin, and subsequentlv heating the contaminant 
25 to kill biological tissue surroun ding the contaminant. The rat e of appli cation of energy is 
controlled to allow cooling of the skin. 

U.S. Pat. No. 5.814.040 to Nelson et al.. which is also incorporated herein by reference, 
describes a method for port wine stain removal, i ncluding applving a coolant to the skin, and 
30 subseq uentlv direct ing laser radiation b elow the cooled area. 
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U.S. Pat. No. 5- 81 0.801 t o Anderson et al.. whic h is also incorporated herein bv reference. 
describes a m ethod for treating wrinkles in the skin, including directing el ectromagnetic energy 
to a target region of the skin, while cooling an area ab ove the tar get region. 

5 SUMMARY OF THE INVENTION 

[0005] The present invention provides a method and apparatus for the removal and modification 
of target material and in particular the removal and modification of the human skin and 
underlying tissue layers. 

10 

[0006] A substance which absorbs electromagnetic radiation well in at least a portion of the 
incident beam electromagnetic spectrum is applied to the surface of the target material. The 
target material is exposed to electromagnetic radiation, which includes the portion of the 
spectrum that is absorbed by the substance applied to the surface. At least some of the absorbed 

15 energy of the electromagnetic radiation source is absorbed by the substance of high absorption 
and is converted thermal energy at the surface of the target material. The thermal energy thus 
generated is then responsible for vaporizing and ablating part of the skin and for irreversibly 
thermally modifying portion of the target material. A preferred embodiment envisions the use of 
carbon-based pigments in suspension within a host material and a continuous emitting 

20 electromagnetic radiation source. 

[0007] The device described in this invention allows effective, safe and easy-to-use applications 
of the high absorbing material to the target material surface for the purpose of converting optical 
energy into thermal energy and affecting a change in the target material using said thermal 
25 energy. 

It is an ob ject of some aspects of the prese nt invent ion to provide impro ved ap paratus and 
methods for anplving energv to a material. 

30 It is anoth er object o f some aspects of t he present invention to provide im proved apparatus and 
methods for re moving heat generated during application of the energ y to a material. 
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It is anot her object of some a s pect of the present inventio n to apply the energy in a sub stantially 
controlle d wav and remove some of th is ener gy in a controlled way in order to better control the 
damage to the material and to minimize pain when a human or animal tissue is the trea ted target 
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It is a further object of s ome as pects of the p resent invention to provide improved apparatus and 
methods for re moving heat generated during applicati on of electromagnetic energy to biological 
tissue. 

10 

It is still a further object of some aspects of the p rese nt invention to provide improved apparatus 
and methods for decreasing pain during application of electromagnetic energy to biological 
tissue. 

15 It is yet a further object of some aspects of the present invention to provide improved apparatus 
and methods for perfon nin g medical treatments. 

It is also an object of some asp ects of the present invention to provide improved apparatus and 
methods for performing cosmetic treatments. 

20 

It is further an object of some aspects of the present invention to provide improved apparatus and 
methods for enabling a visible wavelength electromagnetic ener gy source to perform material 
and tissue removal and modification. 

25 It is vet a f urther ob ject of some aspects of the present invent ion to provide methods and 

apparatus for enabling a visible wavelength low-power electromagnetic energy sourc e to perform 
material and tissue removal and modification. 

It is still a furt her ob ject of some aspects of the present invention to provide methods and 
30 apparatus for enabli ng a low -power ele ctromag netic energy source to perform material and tissue 
removal and modification. 
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It is also a n ob ject of some aspects of the present invention t o provide im proved methods and 
ap paratus for enabh n g a low- power el ectroma^etic energv source to perfomi tissue removal and 
modificat ion, substantiallv without p a in, while controlling the amount of damage to rem aining 



5 tissue. 

In preferred embodiments of the present invention, an energ y source applies electromagnetic 
energy to tiss ue of a s ubject, preferably so as to ablate a portion thereof Thereafter, some of the 
heat generated bv the interaction o f the ene r^v with the tissue is removed, tvoicallv bv applving a 
10 coolant or a cooling element to the tissue. Removal of the heat immediate lv following the 

ap plication of the energv g enerall y reduces the subject 's sensati on of the heat, and, in particular, 
rgduces anv sensation of pain. Moreover, heat removal tvpicallv reduces or eliminates c ollateral 
injury to tissue surrounding the ablated area. Tvpicallv, although not necessarilv. the tissue 
comprises the subje ct's skin. 

15 

It is known in the art to cool tissue prior to or during the application of electromagnetic energv to 
. a subject's skin. U.S. Pat. No. 5.814.040 cited above, for example, describes c ooling the 
epidermis prior to heating tissue thereunder, to minimize damage to the co oled tissu e. Similarly^ 
U.S. Pat. No. 5.810.801 describes cooling a first region of tissue while heating a second region of 

20 tissue themiallv coupled thereto. These e mbodime nts of the present invention, bv contrast, teach 
that cooling the tissue following the ap plication of electr omagnetic energv is generallv 
advantag eous. Further more, it is believed that verv rapid heating of a target area of the skin, 
substantiallv unmiti gated bv anv prior cooling there of, produces therapeutic results that are 
su perior to techniques which cool a mass o f tissue and then applv energy to a coo led tar get area. 

25 In particular, it is believed that the prior art methods that describe cooling of an upper tissue 

layer prior to interaction of electromagnetic energy therewith generallv have an adverse effect on 
modification and/or ablation of t issue in the upper l ayer. Notably, unlike techniques as taught 
accordin g to p referred embodim ents of the present invention, these prior art methods generally 
are painful i n the abs ence of an administered anesthetic. 

30 

In some preferred embodiments of the present invention, the e ner gy sou rce com prises a laser. 
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whose beam is moved in a patte rn over a target area of the skin. Tlie pattern is made up of a 
sequence of passes over the tissu e, each pass describin g a line or curve over a pr edetermined 
portion of the target area. Tvpicallv. the p attem i s chosen such that each pass is relatively distant 
from the p re ceding one, so that it generally does not cause additional heating of tissue indirectlv 
5 heated bv energy from the preceding pass. The temperature of this latter tissue de creases during 
the succeeding pass, preferably to approximately the same temperature as p rior to t he preceding 
pass. In some of these preferred embodiments, the laser energy is applied to the skin in sets of 
passes, whereby a set of one or m ore conse cutive passes of the laser across the skin is relati vely 
distant from a preceding set of one or more consecu tive pass es. The pattem is de signed as 
10 necessary to ablate t issue, but minimize the undesired accumulation of heat in nearby tissue. 

Preferably, utilization of a beam pattem as described reduces sensations of pain, and also reduces 
injury of non -targeted tissue. In some of the se embod iments, the tissue is actively cooled, 
preceding a nd/or following application of the ener gy thereto. 

15 In some preferred embodiments of the present invention, a cover is placed over the target area, 
and the electromagnetic energy is applied through a window in the cover. Preferably, the cover 
enables an operator to maintain an ambient environment over the target area having properties, 
such as temperature, pressure, and humidity, which are set so as to minimize pai n or discomfort 
during a procedure. Typically, sensors are coupled to the cover in order to determine parameters 

20 of the ambient environment and to generate signal s responsi ve thereto. A control unit is 

preferably co upled to receive the s i gnals and to actuate various devices so as to caus e the signals 
to converge to desired values. The devices may include, for example, heating and cooling 
elements, pressure and humidity controllers, and a substance-delivery system. In a preferred 
embodiment, a temperature sensor monitors skin temp erature, and active heating (e.g.. using a 

25 laser) and cooling are applied as approp riate to keep the skin temperature within predetermined 
limits. 

In a preferred embodiment of the present invention, the target area comprises two or more zones. 
typ icall y concentrically arranged, and the electromagnetic energy source applies a different 
30 amount of energy t o one of the zones fr om the amount ap plied to a second one of the zones. 

Preferably, the highest q uantity of energy is applied to the inneiinost of the concentric zones, and 



6 



successively sm aller q uantities of energy are applied to the other zo nes, res ponsive to their 
distance from the innermo st zone. In this manne r, a smooth transition is obtained from the target 
area to tissue or material surrounding the target area. Rv contras t, it is kno wn in the art to use 
chemical or laser treatments for cosmetic purposes, such as wrinkle removal but these 
5 treatments are ty pically disadvantageous, in tha t they ofte n leave a region which clearly appears 
to have been treated, adjacent to a second region, which clearly has not been treated. For 
example, when these prior art methods are practiced to achieve wrinkle removal in the m ustache 
area, a patch of g enerally wrinkle-free skin may be produced, but the patch is often sharply 
delineated from its neighboring, still-wrinkled skin. 

10 

In another preferred embodiment of the present invention, the ta rget area comprises skin, and 
ap plication of the energy thereto causes pores in the skin to expand. Pore expansion may be used 
to enhance transdermal drug del ivery and/or as part of an acne treatinent. Alternatively, drug 
delivery and a cne treatment are performed r esponsive to the skin's ablation, irrespect ive of any 
15 pore expansion that may occur. 

In some preferred embodiments o f the present invention, a high absorptio n substance THAS) is 
ap plied to the tar get area prior to activation of the elec tromagne tic energy source, so as to 
increase the absorpt ion of ener gy in the target area. 

20 

There is ther efore provided, in accordance with a preferred embodiment of the present invention, 
a method for ap plyin g energy to biologic al tissue, in cluding: directing an electrom agnetic energy 
source to ap ply the ener gy to a re gion of the tissue, so as to ablate a portion of the tissue in the 
rg gion: and initiating coo ling of tissue in the r egion subs e quent to the ablation. In a preferred 
25 embodiment, initiating coolin g includes thermoelectri callv cooling. 

In one pre ferred em bodiment, directing the energy source to apply the ener gy includes 
generatin g a beam of ene r gy having a diamet er less than about 250 microns. Further preferably. 
directin g the e ner gy source to apply the energy includes generating a beam of energy having a 
30 dwell time over a point in the region of less than 25 ms. 
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In a preferred embodime nt, initiating coolin g includes ap plyin g a cooled surf ace to the tissue. 
Preferably, ap plyin g the cooled surface includes apply ing a coo led oscillating memb er to the 
tissue, which member is in contact with the tissue during a first phase of its oscillation and is not 
in contact with the tissue during a second phase of its oscillation. 

5 

Preferably, initi ating cooling includes applying a coolant. Further prefera bly, the coolant 
includes a liquid and the method includes directing a flow of a gas towards a site on the tissue 
haying the liquid applied thereto, so as to incr ease a rate of eyaporation of the liquid. 

10 In a preferred embodiment, the region incl udes a first region, and initiating cooling includes 

initiatin g cooling of tissue in the first region, wherein the metho d include s terminating cooling of 
the tissue in th e first re gion subsequent to initiating the cooling thereof, and wherein the method 
includes directing the source to apply energy to a second re gion of the tissue so as to ablate a 
portion of th e tissue in the second region su bsequent to the initiation of co oling of the tissue in 

15 the first region. Altematiyely or additionally, directing the s ource to apply the energy to the 

second region includes directing t he source prior to the termination of the cooling of the tissue in 
the first region. 

In a preferred embodiment, the region inclu des a first re gion, and ablating the portion includes 
20 ablating tissue to a first ablation dep th in the first region. In this embodiment, the method 

includes directin g the electromagnetic energ y source to apply e nergy to a second region of the 
tissue adjacent to the first region, so as to ablate tissue in the second region to a seco nd ablation 
depth, smaller than the first ablation depth. Typically, directing the source to apply energy to the 
second region includes smoothing the appearance of a border region between the firs t region and 
25 an untreated region of the tissue. 

Preferably, the tissue includes skin, and the energy is applied so as to reduce a wrinkle in the skin 
and/or to decrease the size of a skin lesion. A ltematiyely or additio nally, applying the energy 
includes expa nding a p ore of the s kin, and, o ptionally, deliyering a pharmaceutical product 
30 through th e expanded pore. 
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In a preferred embodiment, the method includes apply ing a pharm aceutical product to the tissue, 
Ty pically, applying the product includ es applying an ane sthetic and/or an ant ibiotic. 



Preferably, applyin g the energy to the region of the tissue includ es placing a material on the 
5 tissue to increase the absorption into the tissue o f energy ap plied by the source. Further 

preferabl y, the material includes a substance characterized by hi gh absorb ency of energy of a 
wayelength ge nerated b v the source. Still further preferably, the energy source includes a C02 
laser. Altemati yely or ad ditionally, the output of the energy source is less than about 5 W. 

10 In a preferred embodi ment, the electromagnetic energy source includes a broadband emission 
lam p. Altematiyely or ad ditionally, the electromagnetic e nergy so urce includes a laser, typically 
a C02 laser, an E r:YAG la ser, a microchip laser, and/or a diode laser. Preferably, the diode laser 
has a power output of less than about 500 mW. 

15 Preferably, the method includes actiyely warming cooled tissue responsive to the cooling, so as 
to decrease in jury of the cooled tissue. Typically, warming inclu des sensi ng a tempe rature of the 
tissue and warm in g the tissue responsive thereto. In a preferred embod iment, warming includes 
ap plying a heated gas to t he tissue. Altematiyely or addit ionally, w arming the tissue includes 
thermoelectri cally warm in g the tissue, and i nitiatin g cooling includes thermoelectrically cooling 

20 the tissue. Further altematiyely or additionally, warming includes applying a heated surface to 
the tissue, hi a preferred embodiment, warming the tissue includes directing the energy source to 
ap ply additiona l energy to the cooled tissue, which additional energy substantially does not cause 
ablation. Typically, ap plying the additional ener gy includes enlarging a beam diameter of the 
ener gy source from a first diame ter, used for ablating tissue, to a second diamete r, used for 

25 warming tissue. 

There is further provided, in accordance wit h a preferred embodiment of the p resent invention, a 
method for app lying energy to bi ological tissue, includ in g: directing an ele ctromagnetic energy 
source to ap ply energy along a first path on the tissue, so as to ablate tissue in the path: directing 
30 the source to ap ply energy alon g a second path on the tissue, relatively distant from the first path, 
so as to ablate tissue in the second path, whi le allowin g cooling of tissue adjacent to the first path 
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heated bv diffi ision due to ap plying the ener gy to the first path ; and directing the source to apply 
ener gy along a third path on the tissue, closer to the first path than to the second p ath, so as to 
ablate tissue therein. 

5 Preferably, applying the energy along th e first pat h includes placing a material on the tissue to 
increase the absor ption into the tissue of energy applied by the source. Further preferably, the 
material incl udes a substance characterized by high absorbency of energy of a wayeleneth 
generated by t he source. 

10 In a preferred embodiment, the method includes actiyely cooling tissue in a yicinity of the first 
path. Prefera bly, acfiyely cooling includes i nitiating the actiye cooling subsequent to ablation of 
the tissue in t he first path. Alte matiyely or additionally, actiyely coolin g includes applying a 
coolant in the yicinity of the first path. Further altematiyely or additionally , actiyely cooling 
includes ther moelectrically cooHng. Still fiirther altematiyely or additionally, acfiyely cooling 

15 includes applyin g a cooled surface to the tissue in the yicinity of the fir st path. Typically. 

applying the cooled sur face includ es applyi ng a cooled oscillating membe r to the fis sue in the 
yicinity of the first path, which member is substantially not in contact with the tissue in the 
yicinity of th e first path during a first phase of its oscillation and is in contact with th e tissue in 
the yicinity of the first path during a second phase of its oscillation. Directing the 

20 electromagnetic energy source to apply energ y alo ng the first path on the tissue generally 
includes directing the source durin g the first phase. 

In a preferred embodiment, the method includes app lying a pharmaceutical produ ct in a yicinity 
of the first path. 

25 

There is still fiirther proyided. in accordance with a p referred embodiment of the present 
inyention. a method for ap plying e nergy to biolo gical tissue, including: placing a coy er on the 
tissue, and directing a beam of electromagne tic ener gy through the coyer t o impin ge on the 
tissue, so as to ablate a portion thereof 

30 

Preferabl y, the coyer includes a window, through which the e nergy beam passes. 
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Further prefera bly, placing the cov er on the tissue reduces stimulation of nerv es therein. 
TYpically. placement of the cover defines a volume of an intermediate substance, between the 
cover and the ti ssue, and r educing stimulation includes mai ntaining a desired characteristic of the 
5 intermediate substance. The substance mav include air and/or a liquid. In a preferred 
embodiment, the characteristic includes a tempera ture, a pressure, and/or humidity. 

There is vet further provided, in accordance with a preferred embodiment of the present 
invention, a method for ap plying energy to biological tissue of a sub ject, includin g: directing an 
10 electromag netic ener gy source to apply the energy to a region of the tissue, s o as to ablate a 

portion of the tissue in the region: ap plying a l iq uid cool ant to the tissue: and directing a flow of 
a gas towards the tissue, so as to increase a rate of evaporation of the liq uid coolant. 

Typically, the gas is directed to the tissue so as to reduce a perception of discomfort bv the 
15 subject responsive to the coolant. 

There is also provided, in accordanc e with a preferred em bodiment of the present invention. 
apparatus for applying ener gy to biological tissue, including: an electromagnetic energy source. 
directed to apply the energy to a reg ion of the tissue, so as to ablate a portion of the tissue in the 
20 re gion: and a cooling unit, which initiates c ooling of tissue in the region subsequent to the 
ablation. 

In a preferred embodiment, the cooling unit includes a thermoelectric cooling unit. 

25 Alternative ly or addi tionally, the apparatu s includes a pharmaceutical delivery unit, containing a 
pharmaceutical product f or ap plication to the tissue in a vicinity of the ablated p ortion. 

Further alterna tively or additionally, the apparatu s include s a heating unit, which heats tissue 
cooled bv the cooling unit, so as to decrease injury of the cooled tissue. Preferably, the apparatus 
30 includes a tem perature sensor, w hich generates a signal responsive to a te m perature of the tissue, 
wherein the he ating uni t heats the tissue responsive to the signal. In a p referred emb odiment, the 
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heating unit includes a thermoelectric element, through which element current is driven in a first 
direction so as to heat the tissue. Preferably, the coo lin g unit drives current throug h the 
thermoelectri c element in a second direction so as to cool the tissue. Altem ativelv or 
additionally, t he heatin g unit includes a heated surface which is ap plied to the tissue. 

5 

There is additionally provided, in accordance with a preferred embodiment of the present 
invention, apparatus for applying energy to biologica l tissue, including: an electromagnetic 
energy source, which applies ener gy to the tissue: an d a beam scanner, which direct s the energy 
fi-om the source along a plurality of p aths on the tissue, including (a) a first path, so as to ablate 
10 tissue in the first path, (h) a second path, relative ly distant firom the first path, so as to ablate 
tissue in the second path, while allowing cooling o f tissue adjacent to the first path heated by 
diffusion due to applying the energy to the first path, and (c) a third path, closer to the first path 
than to the se cond pat h, so as to ablate tissue in the third path. 

15 There is vet additio nally pro vided, in accordance with a pr eferred embodiment of the present 
invention, ap paratus for applying energy to biological tissue, including: a cover, placed on the 
tissue: and an electromagnetic energy source, which directs a beam of energy through the cover 
to impinge on the tissue, so as to a blate a portion thereof 

20 Preferably, the apparatus includes a pharmaceutical reservoir, containing a pharmaceutical 
product for a p plication to the tissue. 

There is a lso provi ded, in accordance with a preferred embodiment of the present invention, 
apparatus for applying energy to biological tissue of a subject, including: an electromagnetic 
25 energy source, directed to ap ply the energy to a region of the tissue, so as to ablate a p ortion of 
the tissue in th e region: and a cooling unit, which appl ies a liqui d coolant to the tissue and directs 
a flow of a gas towards the tissue^ so as to increase a rate of evaporation of the li quid coolant. 

Preferably, the cooling unit directs the gas to the tissue so as to reduce a percep tion of discomfort 
30 by the subj ect resp onsive to the coolant. 
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There is addi tionally provided, in accordance with a preferred embodiment of th e present 
invention, ap paratus for applying en ergy to biolo gical tissue, including: An en ergy source. A 
substance cap able of absorbing said energy source: Said substance also capable of conducting 
the absorbed energy to a target material: and An element capable of REMOVING the energy 
5 from said ab sorbing material 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Preferr e d e mbodiments of the present mvcntion can be describ e d by reference to the 
10 drawings. 

[0009] FIG. 1 is a cross s e ctional r e pr e sentation of human skin with a substance of higli 
absorption appli e d in th e foim of a cr e am or lotion. 

15 [0010] FIG. 2 is a cross s e ctional r e pr e s e ntation of human slcin with a thin film contaming the 
substanc e of high absorption, attach e d to the skin. 

[001 1] FIG. 3 is a sch e matic r e pr e s e ntation showing th e patt e rn of appH cation of e l e ctromagn e tic 
radiation and a cooling spray, 

20 

[001 2] FIG. 1 illustrat e s the two zones of targ e t modification including zon e of ablative material 
r e moval and zon e of thermal mat e rial modification. 

[0013] FIG. 5 illustrates th e four - param e t e r r e gim e s that int e ract tog e th e r to bring about th e 
25 d e sir e d targ e t modification e ff e ct. 

[0014] FIG. 6 illustrat e s e xporimontal data showing tissu e modification d e pth as a funcfion of 
sourc e 's pow e r and other r e levant param e t e rs. 

30 [0015] FIG. 7 illustrat e s th e eff e ct of the density of particl e s of higli absorbing substanc e on th e 
amount of energy coupled to the target surface. 

13 



[0016] FIG. 8 illustrat e s aii apparatus for ahigli absorbing substanc e film 



[0017] FIG . 9 illustrat e s a t e l e scopic attachm e nt for adjusting th e di s tanc e of th e high absorbing 
5 substance film from th e energy ' focusing el e m e nt. 

The present invention will be more fiillv und erstood f rom the following detailed description of 
the preferred embodiments thereof, taken together wit h the dra wings, in which: 

FIG. 1 A is a s implified pictorial il lustration of an apparatus for m odifying and removal material 
10 and biolo gical tissue, in accordance with a prefer red emb odiment of the prese nt invention. 

FIG. IB is a simplified pictorial illustration of an exemplary p attern fo r depositing High 
Absor ption Substance (HAS) on the intermediate material of the apparatus for modifying 
material and removal of biologi cal tissue, in accordance with a preferr ed embodiment of the 
15 present in vention. 

FIG. IC illustrates the pattern and direction of heat diffusion fol lowing th e energy deposition in 
the pattern of HAS of FIG. IB. 

20 FIG. ID illustrates an exemp l ary pattern for High absorbing substance placed o n the intermediate 
material. 

FIG. IE illust rates the extent of thermal diff usion of t he energy in the target material in response 
to the energy de position in the high absorb in g substance pattern in the intermediate material as 
25 shown in FIG. IB. 

FIG. IF illustrates an exemplary pattem for Hi gh absorbing substance placed on the intermediate 
material and the corresponding thermal energ y deposi tion in the target matmiaL 

30 FIG. 2A is a sim plified pictorial illustration showing an ap paratus for mod ifying a target 
material, i n accorda nce with a preferred embodiment of the present invention. 
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FIG. 2B i s a sim plified pictorial illustr ation sho wing an apparatus f or modif ying a target 
material, allowing t he inter mediate material to be lifted to allow energy removal directly from 
the target material. 

FIG. 3 A is a simplified picto rial illustration showing an ap paratus for modifying a target 
material. 

FIG. 3B i s a sim plified pictorial illustration of possible patterns and shapes of the high energy 
absorbin g substance. 

FIG. 3C is a sim plified pictorial illustration showing additional p ossible patterns and shapes of 
the hi gh energy absorbing substance. 

FIG. 4 is a simplified p ictori al illustration showi n g an exemplary device for m aterial removal 
and modifi cation a nd the device related controls. 

FIG. 5 is a sim plified pictorial illustration showing in grea ter detail s an exemplary cont rol box 
for the device for material removal and modification. 

FIG. 6 is a simplified pictorial illustration showing in greater details an exempla ry device for 
material removal and modification. 

FIG. 7A is a sim plified pictorial illustration showing an exemplary method for material removal 
and modification us in g a stationary beam method. 

FIG. 7B is a simpli fied pictorial illustration showing an exemplary method for material removal 
and modification usin g a moving beam method. 

FIG. 7C is a sim plified pictorial illustration showing an exemplary method for material removal 
and modifi cation usin g a broad beam method. 
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FIG. 7D is a photograph show in g an exemplary cap with an exempl ary inter mediate material 
used in a deyice for material removal and modification. 



5 FIG. 7E is a photograph showing an exemplary can with an exe mplary intermediate material 
mounted on a box containing the energy source and energy removal element used in a device for 
material removal and mo dification. 

FIG. 7F is a simplified pictorial illustration showing a tim e-seq uence of energy deposition. 
10 energy rem oval and additional energy de position as practiced bv a preferred emb odiment of the 
present invention. 

FIG. 8 is a simplified pictorial illustration showing the method of peeling intermediate material 
used in the present inv ention fo r target material removal and m odification. 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

fO Ol 8] An e mbodim e nt of the pr e s e nt inv e ntion can b e describ e d by refer e nc e to FIG. 1 . FIG. 1 
she ws a cross section of a targ e t tissu e such as th e human skin. A lay e r of high absorbing 

20 substanc e 10 is placed on top of th e epidemiis 20 which in turn is ov e rlying th e d e rmis 30 and fat 
40- lay e rs. The layer of high absorbing substance is contamed within a lotion or liquid which is 
ap p li e d to the targ e t mat e rial. This method has th e disadvantag e of b e ing hard e r to apply and o f 
ae eid o ntally contaminating other location on the targ e t material. On th e oth e r hand, th e method is 
si mpl e b e caus e th e higli absorbing substanc e is at l e ast partly in dir e ct contact with th e targ e t 

25 material thus leading to th e most efficient transfer of the optically absorbed thermal en e rgy to t he 
tissue. 

[0019] FIG. 2 s hows a pr e ferr e d e mbodim e nt of th e inv e ntion. A lay e r of high absorbing 
substanc e is now plac e d in th e form of thin film 100 containing particles of the high absorb i^ 
30 substance, on top of the e pid e rmis 20. The e pid e rmis 20 in turn is ov e rlying the d e nnis 30 and fa t 
40 lay e rs. The layer of higli absorbing substanc e is contained within a lotion or liquid. whi ^h4g 
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ap p lied to th o targ e t matcriaL This m e thod has the disadvantage wh e r e by is a cross sectional 
rep resentation of human skin with a thin film containing th e substanc e of higli absor p tjen? 
atta ch e d to the skin. 

5 [0020] As FIG. 3 shows, a light s ource 130 e mits e n e rgy 120 tow^ards th e high absorbin g 
sub stanc e 10. Th e high absorbing substanc e 10 is capabl e of absorbing at l e ast som e-ef4he 
energy 120. The energy is subsequently thennally conducted towards th e d e eper portion of the 
e pi d e rmis 20. th e d e rmis 30 and the d e ep e r fat lay e r 4 0. As FIG. 4 shows if suffici e nt e nergy i -s 
de posited in th e tissu e , an ablative zone. 300, wher e target material has b e en physically remo\ ^ 

10 is fornied at th e out e r target lay e r. In the cas e of a human skin portion of th e e pid e rmis. an dr4n 
eas e of more aggressiv e int e racrion. the entir e epidennis and even parts of th e deniiis. may -be 
abl ativ e ly r e mov e d. Furth e r th e rmal diffusion and d e position of energy will also lea d-4e4he 
fe miation of a zon e of irreversible damag e . 320. Her e targ e t mat e rial has been thermally alt e r e d 
but not physically r e moved or ablat e d. In th e sp e cifi c case of human slcin. the tissu e in t he^ene 

15 320 will usually b e th e rmally coagulat edr 

[0021] Such th e rmal coagulation and th e nnal injury to th e skin tissue will l e ad to co ltegen 
reg en e ration and th e app e aranc e of younger looking skin. 

20 [0022] Topically applying a thin lay e r of high absorbing substanc e such as carbon particles, 

Indochina green, graphit e , black food coloring, china ink, acrylic tattoo inks, and black pigm e n ts 
am ong oth e r s . w^U r e sult in an e ffici e nt conversion of e l e ctromagnetic sourc e e n e rgy to th e rma l 
e n e rgy. 

25 [0023] As i s shown in FIG. 5. the conv e rsion efficiency (i. e . how much of the incident e ne rgy 
has b ee n convert e d to th e rmal e n e rgy) d e pends strongly on th e interaction b e tw e en four fa etersr 
The- energy source pai'am e ters (Lp) 500. the energy manipulating components param e t e rs (Q S^ 
^4-0- . th e En e rgy r e moving param e ters (ER p) 520 and th e high absorbing substanc e para meters 
fHAS g) 530. The pr e sent invention cont e mplates four interacting paramet e r regimes that yi e ld to 

30 th e final targ e t modification eff e ct. Th e first param e t e r group to b e consid e red 500. is th e source 
paramet e r. Th e s e include th e source e n e rgy, the source pow e r, the puls e duration (if puls e d) and 
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Pulse r c p c tion rat e (if pulsed), and the sourc e wav e l e ngth, if tlio enrgy is radia ^ed^ 

f0024 ] Th e s e cond 510 group of parmat c rs is the optical/scanning parameters. Th e se dcfino 4he 
bea m spot siz e and th e motion of th e energy along the int e rmediat e ma teria 

5 

fOO ^] The third group 520 is interm e diat e mat e rial paraint c rs. These define the rate of 
conversion of energy from the source enrgy to the typ e of energy that interacts with the targ etr 
The- final group of param e t e rs 530 is th e e n e rgy removal paramtcres. Thes e define wh e n, ho w 
and temporal natur e of th e energy removal from the inteiTnediate material targ e t material or 
10 both. The interaction of th e s e paramters amongst th e mslvers is illustrat e d sch e matically in FIG r 

h 

f00 26] The interaction betwe e n these four components, illustrat e d symboUcally in FIG. 5 by th e 
eif de 510, will determin e how much of the sourc e 's en e rgy is converted to th e rmal e n e r gy^ 

15 

f00 27] For e xample, I hav e tested a 1 W sourc e scanning a 1 Cm " ar e a of at a rat e of abe ut^ 
see ends. Assuming that all th e e n e rgy is absorbed by th e layer of high absorbing substan eer^ 
have 6 Joul e d e posited over the 1 Cm ^-^rear 

20 [0028] Assume now that th e energy absorb e d E is th e rmally conducted to th e und e rl\in :g4afget 
aye a. In the case of human skin, for example, wat e r molecules dominate th e und e rlying tissue 
ee Hs Simplifying our analysis by assuming as a first approximation a tissu e model which i s 
similai' to an e quivalent volume of water, we can e stunate th e amount of e nergy it would requir e 
te4 ak e a coagulat e (i. e . bring the tissue temp e ratur e to abov e the temp e rature of therm al 

25 d e naturation of approximately 60"" C.) a volum e of fissue (100 fim'^ l cm ^ ^proximat ed-^s-a 
vol um e of wa teFr 

fOQ2 9] W e can u s e th e r e lationship E^CAT ( 1 ) [00301 Where E is the e n e rgy required and ^A^^ 
the 4ncrease in temperatur e . [003 1] To take wat e r fi'om 20 degree c to 60 degree c and w ith4he 
30 sp e cific h e at of wat e r given by approximately Cs-1 cal/g'^c0[00321 We get from th e relation 
abo \^e E«1.6J [0033] To vaporize this amount of tissue would requir e bringing the riGSue 4ei4n 



18 



em^ simplified thermal model th e wat e r volumo, 1 cmMOO thick) to boiling temp e r -atee? 
aed- then. further vaporizing that volum e . From the r e lationship of Equation 1 abov e , th e 
tem p e ratur e rise of 80"^ would r e quir e about 3,2 J. The boat of vaporization of water -a^40&^ 
Gr-a nd 1 atmosphere pressure i s 539.6 Cal/gm. Thu s to vaporize th e 100 um thick volum e 
5 di s cussed above will require bout 2 1 ,6J. cl e arly much more than the TOTAL incid e nt source 
ener gy in our e xp e riment of about 6J. On th e oth e r hand, a 10 mm thick lay e r of -fes^te 
fep proximated as water) will r e quire only approximately 0.32 J to rais e its t e mp e rature from 20^ 
GA o 100^ C, and 2.16 J to vaporize. With our abov e calculations show that to rais e an addition 
volume of (100 ^ni'l cm ^ ) to 60"^ C. coagulation t e mperature is about 1 .6 J, w e s ee that with-a 
10 total of about (2.16 J+0.32 J+1.68 J- 4 .16 J w e can vaporiz e about 10 ^m of tissue and coagula te 
an- additional 1 00 fim thick layer. 

[0034] This simplifi e d analysis agrees with th e ord e r of magnitude of our e xp e rim e n ts-as 
itius trat e d in FIG. 6. Th e exp e rimental r e sults of FIG. 6 shows th e d e pth of tissue ablat ed-620 
15 and th e rmally damaged 630 in pig skin tissu e . The figure s hows ablation and th e rmal damag e 

d e pth on th e tissue d e pth dim e nsion axis 610. as a function of las e r diod e flu e nc e , 600, (pow e p ^l- 
Wr- scan rat e i ^-l-€m^ /s e c, and wav c length~8 10 nm absorb e d by a high absorbing sub stanee 
ee mpos e d of carbon susp e nsion). 

20 [0035] W e can clearly s ee that both th e depth of ablation and d e pth of tissue th e nnal damage a re 
on th e ord e r of magnitud e predicted by th e abov e anal wsr 

The use of a hi f^hlv controlled heat ing and cooling is contemplated. For exam ple, one preferred 
embodiments is illustrated in FIG. 1 A : A thin, highly conducing intermediate material (HCM. for 

25 example a thin sheet of Aluminum) 20 is attached to a target material such as the sk in 10. The 
HCM is coated at specific points with high abso rbing subs tance 30 (HAS). The l aser beam is 
directed towar ds one such location of high absorbing substance-coated materi al. The heat is 
absorbed b y the HAS and conducted through the laver of highly conducting material. For 
example we calculate that in a circular area of 1 cm" heat will be diffiise to a d e pth of about 600 

30 um in about 0.36 sec or 360 m s. in wate r-hke substance. The energy source 40 is on for the 
duration of ti me corresponding to power of the energy s ource allow ing sufficient energy to be 
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deposited. Immediately following the interaction a coolant spray 60 from a coolant ejector 50 is 
discharged all owing immediate co oling of t he target area through the HCM film. One can design 
the film thick ness and si ze so that the resultant energy per unit time is sufficient to achieve the 
desired effect. 

5 

In 360 ms the thermal di ffiision in a water-like tissue target material is on the order of 600 um. 
On the other ha nd a circ ular area of 3 mm^ will be evenly heated up by a scan ned energy source 
contem plated in one preferred embodiments of this invention, in abou t 36 ms bv an exemplary 
scanning of the o ptical light. During this time, heat diffuses only a ^00 um. This will be more in 
10 line with the thermal tissue damage that we wish to take place. Such a small volume, small size 
intermediate material will allow the use of a single stationary beam. One can then use a 
MECHANICAL device (for example a drum-like switcher (much like in a rev olver pistoD that 
will move sm all, mirrored faces 47 to move the beam 48 around to the various s pots of high 
absorbing substance 30. 

15 

Altemafivelv the intermediat e material 20 in FIG. 1 A can be made of a THER MALLY NON- 
CONDUCTIN G thin intermediate medium. The higlilv abs orbin g substance 30 i s deposited on 
the intermediate material and the process c ontinues as described above. The main difference 
between the t wo methods is that very little lateral conduction occurs with t he intermediate 
20 material 2 0 made of Non-conducting material. On the other hand, efficient transfer of thermal 
energy fi^om the HAS spots 30 to the target material is ensured bv using a very thin layer of 20. 
This has the advanta ge that while no photons or high absor bing subst ance comes in direct contact 
with the target material, the heat is quickly and efficiently transferred to the ta r get and can then 
be just as efficiently and quickly eliminated. 

25 

In either one of the above preferred embodiments^ the intermediate substance can be made so 
there is no dir ect contac t or interaction of th e energy firom the energy source (for example, 
photons fi-om an electrom agnetic ene rgy source" ! NOR direct contact o f the HAS with the 
material. For e xam ple, only the sterile outer surface of the intermediate material makes direct 
30 contact or h as direct i nteraction with the targ et material. 
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In the embod iment th at envisions a non-co nducting intermediate materi al, the highly absorbing 
substance. HAS, can be precisely deposited at the selected locat ions on top of the in temiediate 
material. Since therma l diffusio n in the lateral direction is very limited the inter action is confined 
to substantially the area where the HAS is exposed to the ener gy beam. For example, if the non 
5 thermally- conducting intermediate material is a water-like material with water-like thermal 

pro perties, with approxim ately 100 um thickness, it will conduct thermal energy through in about 
10 ms. The thermal interaction with the target material will start within less th en 10 ms and the 
lateral heat diffusion, if. for exampl e, we depl oy the energy remova l system within 40 ms. will 
be confined to boundary of 200 um from the energy deposition zone (i.e. the lateral distance 
10 fi-om the zone where the HAS i s deposited^ 

In fact, by controlling the lateral sp atial separation between the HAS zones one can create a 
continuum of thermal d e position. This is shown in FIG. IF where the pattem 82 of highly 
absorbing substance 30 deposit ed on the intermediate medium 20. becomes after thermal energy 
15 diffusion, a substantially uniform target-material modification pattem. 85. on th e target material 

Similarly the process can contain sources other then light (fo r example a broad band light source, 
a xenon or halogen lam p"! in sy nchronized use with the coolant. 

20 

In one such preferred embodiment, a thermo-electric cooler (TEC) can be employed . Here the 
TEC is off during the energ y depos ition phase. The TEC is then tu rned on to remove energy and 
quench the interaction a t a precis ely desired moment. Alternatively, in another p referred 
embodiment, the TEC can also act as an energy source and heat up the targets material, then the 
25 electric current polarity is reverse and the TEC can th en acts a s an energy removal e lement and 
rapidly cool th e tar get material 

However, crv ogen s prav is more easily and ra pidly controlled. In vet another preferred 
embodiment, the TEC polarity may be reversed rapi dly and i n a controlled manner up on the 
30 generation of a signal fi-om the user or a controller unit. In this embodiment, the T EC acts as both 
the ener gy source and as an intermediate m aterial. Heating of the target material takes place and 
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modification of the ta r get material follows. The TEC controller then causes heating of the target 
material to sto p at a desired moment in time, and the removal of energy and/or cooline to follow 
in order to q uench t he interaction. 



5 In vet anot her preferred embodiment a thermoelectric cooler can be combined with the process 
of coblation or electric-cauterv or electric-surgerv to a chieve rapid energv removal f ollowing 
energy de position in order to minimize pain and control damage and control targ et material 
modification. The same process can also be applied to the process of coblation where energv 
removal and minimization of pain can be achieved b y ap plication of energy removing to the 

10 target material after anv and all plasma mediated interactions. In t his embod iment, the energy 
removing can be achieved bv using thermo-electric cool er, a peltier cooler, co olant spray, 
crvogen spra v as well as a host o f other energ v remo val mechan ism. All o f these will work 
provided that the user allow the modifying interaction to take p l ace and then, at a predetermined 
point in time, the user activate one of the above energv removal me thods. Th is applies to the 

15 processes of ablatio n that can be envisioned as well except that ablatio n takes place bv electro- 
surgery or Co blation or p lasma gen eration, or plasma-mediated ma terial removal, or rapid 
generation of heat. Again, cooling occurs either THROUGH the highl y conducting material ffor 
exam ple if aluminum is usedl or if e lectrodes a re used for delivering electric, electromagnetic, 
irradiative. or chemical energy. And it will als o work if one raises the intermediate material to 

20 allow direc ted application of the energv removing s ubstance for coolant^ to the target material as 
shown in FIG. 2B where the intermediate material 340 is li fted up to allow the e nergy removal 
substance to be applied directly to the targeted tissue 10 following the interaction. This also 
ensures mini mization of pain with all methods including electro-cauterv/hvfercator. 

25 In vet ano ther prefe rred emb odiment, the intermediate medium consists of an electrical heater in 
contact with the target material. The electrical heater may be pulsed or mav be on continuously. 
IF it is on con tinuousl y, a pulsed energy removal system is employed. For example, a sufficiently 
think intenn ediate material, said intermediate material is also a heater o r ca pable of heatin g the 
tar get material, which is then sprayed bv a crvogen s prav or cooled bv other coolant or ener gy 

30 removal means in o rder to modulate both interm ediate material AND target material tem perature 
and thermal energy content. The crvogen sprav will also remo ve therm al energy fi'om the target 



22 



material throug h the inte rmediate m edium. T his will allow reduction of the ta rget material 
temperature at the desir ed times. 

With the above methods we can als o aid in th e removal o f pi gmented skin ble mishes that can 
5 also be affected. This can be done much li ke the C0 2 only muc h less ex pensive, pai n-free. AND 
with a much better control of spatial targ etin g because o f the high absor ption substance 
deposition. 

Another advantage of the embodiment envisioning the d epositing of hi gh abs orbing substance 
10 (HAS) on a paper or thermally mediating medium b ut on the side-awav fr om the sk in is that the 
intermediate material or intermediate paper block any debris from the ablated target ma terial. In 
addition, the high absorb ing substa nce is not allowed to come in contact with the skin. 

Attached belo w is an exemp lary lis t of possible intermediate p a pers and or material that can 
15 serve as intermediate material: 

A. The intermediate material can be prepare d with th e high absorbing substance embedded in it: 
Colored paper : Toilette pa per: Tissue paper: and 

Pa per matrix with the HAS embedded in its matrix. 

20 

B. Good conductors which may for example be shaped into a foil: 
Stainless steel: Steel: Aluminum: Copper: Gold: and 

Other metals. 

25 The above method means contain both light and HA S within t he Device. The target material or 
skin is never in direct contact with t he materi al and is never expose d the phot ons from an energy 
source. 

C. An intermediate material for the delivery of energy may be devices such a s hvfercator or 
30 electrocauterers with Cooling ap paratus for energy removal 
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D. Coblation with Cooling 



E. An alterna tive method may be a thermoelectric cooler with a laser acti ng as an enerev source. 
The laser radi ation may be activated in a pul satin g mode while the energy removal (e.g. cooling) 

5 is synchronized with the heat source. 

F. Energy mav be pum ped into the intermediate material using high resistance electrical wires. 
The intermed iate material can then be cooled rapidly w ith a loo p of thermally conducting tube 
containin g a circulating crvogen or other water flow , or through the use of cryo gen sp ray. 

10 

Another embodiment is shown in FIG. 2A--The Coolwand.™ The re, the energy source (for 
example a laser sou rce) 300 and the co olant sou rce 310 ar e mounte d inside the handpiece 320. 
The ca p 330 is made of a conducting material or from a material thin enough to allow significant 
heat conducti on from the inside pa rt of the cap 330 to the outsid e part 335 in a short time- 
15 substantially shorter then about 0.5 second. The power supply 340 powers the instrument's 
ener gy source and cool ing source. 

The light from the energy source, (e.g. a las er or a broadband light source) is absorb ed bv a high 
absorbing su bstance (HA S ) 350. The HAS 350 transfers its energy to the c onductin g part 355 

20 which stretches thro u ghout the intermediate mat erial ca p volume 37 0 is in co ntact with the target 
material 10. The rest of the intermediate ma terial ca p volume 370 is made of insulating material. 
Thus, bv con trolling the size and volume of the high conductive substance area=the high thermal 
conductivity area size 340. one determines how the size of the area to be affected. Bv controlling 
the power and the on time duration of the energy source, one determines how much energy will 

25 be delivered to what size area. Bv controlling the coolant, one detennines the duration of time for 
which the interaction is allowed to go on. Thus, this embodiment allow for elimi nation of 
scanners, no movin g parts, no contact of the HAS with the skin, and no exposure of the skin to 
photons or any energy other t hen high ly controlled therma l energ y. There is also no 
micro process ors or programs to control this. It can all be made with hardwired design. 

30 

The high abs orbin g substance 350 is consumed within a given amount of time a nd thus allows a 
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finite amount of time for use. The size of the high co nductive material (UCM) 355 is adj ustable 
to treat different areas shape and sizes. Each HCM 355 is packed within its own cap 330 making 
it a disposable cap. The Energy source power and durati on are presets and cor responds to the 
size of the HCM size and design. 

5 

FIG. 1 A illustrates one o f the prefer red embo diments: A source of energy 40: 

deliyers a dose of energy to an intermediate material 20. The intermediate substance absorbs this 

energy and conducts it to the target material 10. 

10 It is also possible that the intermediate substance 20 may haye on it a few absorbing locations 30 
where a substance of high absorbance with respect to the energy of the source 40 has been 
applied. Thi s energy is then absorbed by t he hi gh absorbing substance locations 30 which then 
transfer them to the intermediate material 30 which then transfer the energy to the target material 
10. There, said energy m odifies or ablate the target material 10. Su bsequent t o the interaction, 

15 for, in some preferred embodiments duri ng) a sub stance capable of energy removal 70 is directed 
by the ejector/director 50 to the intermedi ate material 20 which is in co ntact wit h the target 
material 10. The substance capable of energy removal so directe d 60. the n remove at least some 
of the energy fi-om the i ntermediate material 20 and th us also fr om the target material. This 
procedure allows, among other thing s mini mization of pain in human tissue interaction and 

20 ffleater control of damage. 

In further elaboration o f this embodiment, the high absorption substance fHAS't 30 may be 
located at several different points thus allowing efficient delivery of energy to various locals on 
the intermedi ate mate rial and target material. This too is illustrated in FIG. 1 A. 

25 

In a fiirther elaboration of this embodiment, the high absorption substance fHlAS) 30 may be 
located at several differe nt points 30 thus allowing efficient delivery of energy to various locals 
on the intermediate material and target material. This will also spread out the energy deposition 
effect and will allow si multaneous deposi tion of energy in one location AND removal of energy 
30 in a second, adjacent location. Of course the energy source 40. in this embodiment has to be 
stirred fi:'om one location 30 to the next in a predeter mined pattern. The stirring of the energy 
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source can be a ccomplis hed bv means of an en er gv-stirring device 45. The en ergy removal 
substance eiecto r/director 50 can be synchronize d with the beam stirring device 45 to 
accom plished t he above mentioned simultaneo us energ y deposition in one loc ation and energy 
removal in a second location. 

Tn a further emb odiment th e intermediate material 20 may be made of a conductor or an 
insulator. If a conductor-then depending on the thickness, of the plate, it may co nduct well 
within a given interactio n time (i.e. before the energy removing su bstance ER S is appli ed) to all 
region of the nlate 20. Howe ver if the plate is very th in, the flow of energy is limited b v the cross 
section and is limited in the lateral direction. E nergy flo w will be efficient in the Z-direction (i.e. 
towards the target materialV I.e.. most of the energy shall be conducted directly, in the Z- 
direction towards the target material and very little ene rgy shall be conducted laterally and then 
into the tar geted material. The energy distribution in the intermediate material will be that shown 
bv 65 in FIG. IB. Then, due to the finite thermal conduction in the intermediate material the final 
15 thermal energy distribution in th e tar get material will be that shown bv 70 in FIG. IC where the 
concentric ar rows indi cate the direction diminishing thermal effect. 

In another preferred em bodiment, the inter mediate material is made of a su bstantially thin 
thermal insulator. The e ner gy fi^om the energy source is then applied to the intermediate material 

20 via a high absorbin g substance 30 apphed at any desired pattern as shown in FIG. ID. Since the 
absorbed source energy is now converted to thermal energy but remains confined substantially to 
the sha pe of th e HAS s pots 30 on the intermediate material 20. at least some of this energy will 
be transferred to the target material 1 0 below, shown in FIG. IE and diffuse fiirther down 
towards the target material. If said targ et material is compose d, for example, of tissue or water- 

25 like material, the thermal diffusion will be rather slow (for exam ple it takes about 10 ms in such 
water-like material for thermal energy to diffuse a distance 100 um) and the thermal effect at the 
target bv the time the ener gy remo val system (or coolanfi is activated, will be more con fined, for 
example, to wi thin the second ring. 75. in FIG. IE. 

30 An addition al preferr ed embodiment envisions the ene rgy source as a rap id heater embedded 
within confini ng cans. These heaters mav be m ade of el ectrical heaters. Altern atively, these 
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heaters mav be made of thennoelectric cooler with switch able polarity. 



An alternative embodiment is shown in FIG. 2A: The energy source (for e xample, a laser") 300 
and the ener gy removal source Tfor example a coolanfl 310 are mounted inside a handp iece 320. 
5 The intermediate material 330 is shaped like a cap and is m ade of a conducting material or from 
a material thin enough to allow sufficient amount of heat to be conducted from the inside surface 
of the ca p 330 to the outside surface of the ca p in contact with the target material 335. Preferably 
this conducti on is completed in a short time for example shorter then about 0.5 second. The 
power supply 340 powers the instruments energy source and cooling source. 

10 

The light fro m the energy source (e.g. a laser or a broadband light source"! is abso rbed by a high 
absorbing substance 3 50. The high absorbing substa nce 350 transfers its energy to the 
conductin g part 340 which is in contact with the skin 360. The rest of the cap area 370 is made of 
an insulating material, which does not conduct therm al energ y well. Thus, by controlling the size 
15 of the material of high thermal conductivity (HCS) 340. one can determine how the size of the 
area to be affected. By controlli ng the power and the "on" time duration of the energy source. 
one determines how much energ y will be delivered to a desired area size. By controlling the 
coolant durat ion and ti ming, one determi nes the duration of time for which the interaction is 
allowed to go on. 

20 

There are no scanners, no moving parts, no contact of the high absorbing substance with the skin, 
and no exposure of the skin to photons or any energ y other t hen highly controlle d thermal 
energy. There are also no microprocessors or programs needed to control the pro cess. All 
operations are hardwired. 

25 

The highly absorbing s ubstance 350 in FIG. 2 A. is consumed within a given amount of time and 
thus allows only a well-defined finite length of time for use. 



The Size of the highly conducting material 355 is adjustable to treat different areas, shapes, and 
30 sizes. Each highly conducting material 355 is packed within its own can 370. and since the 

highly absorbin g material is at least p artl y consumed by during operation, the cap s are dis posable 
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caps. 



The Energy sou rce powe r and duration settin£ ;s are presets and are designed to corresp ond to the 
size and shape of the highly conducti ve material 

5 

FIG. 3 A ill ustrates a r eplaceable cap that can be attached to an ex emplary d evice for 
modification of target mate riaL 3030. The caps 3035. constitute the intermediate ma terial that 
absorbs the source^s radiation and conduct it to the targeted surface. The cuns ma y be arranged so 
that a certain portion of them is highly conductive and a certain portion of them is highly 

10 insulating. Further, nart of the co nductive p ortion of th e cu p may be coated w ith capable of 

absorbing well the energy from the source. For example in FIG. 3 A. the energy f rom the source 
is scanned acr oss the cup^s surface 3040 that i s facing th e energy source 300. The regions that 
contain the hig h energy absorbin g substance 350 however, only absorb the energ y. The regions 
that are made of high energ y absorbi ng substanc e 350 can be made in different shapes as shown 

15 in FIG. 3B (see for ex am ple in pattem 30701 or pattern 3080 in FIG. 3C. Of course, a person 

skilled in the art will easily reco gnize that the patterns illustrated in FI G. 3B are merely ver^jjew 
re presentative examples and many other patterns of high absorbing material can be envisioned. 

In FIG. 3 A. a person skilled in the art will recognize that a beam fi-om the energy source scmned 
20 across a portion of the cap 350 and encountering the portion of the cup with a high absorbing 
substance will de posit its energy in said area according to the rate equation: 
Fluence=Fn*Alpha=P/(L Nu Dia'i^Alpha. where Fn is the energy d elivering ra te from a scanned 
source of power P. with a length of scan. L. and scamied jfre quencv Nu. and b eam diam eter, Dia. 
The Absor ption coefficient Alpha characterizes the high absorbing substan ce and d etermines 
25 what fraction of the delivered energy is actually absorbed and r emoved f rom the beam by the 
highly absorbing substance. 

Said energy will rapidly be cond ucted downwards to the outside surface of the cap 3 35 (i.e. the 
surface in con tact with th e target material^ 

30 

The outside surface of the cap 335 is in contact with the target material an d will be ra pidly 
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heated. Alum inum, for example , may conduct heat across 1 mm distan ce in 1 m s. Thus a cap 
with a thickness of for example 1 00 um mav be conducted wi thin 1 0 us. 

Conduction in the lateral dimension is more diffi cult sinc e it is more difficult to condu ct heat in 
5 the lateral dimension through a very thin cu p. Thermal conduction is a ccom plished most 

efficiently through energetic free electron motion and it is clearly more difficult to cram many 
electrons tho ugh a finite narrow passage. 

In FIG. 3B we show an additional embodiment using an exemplary cup 3035 with the 

10 intermediate material made mostly of a substance of high ther mal conductiyity. and with an inner 
surface made with an e lement that are coated with a high absorb in g substance. When the sources 
beam is scanned across the high absorbing substance its energy is quickly conducted to the 
outside surface in contact with the target material. On its periphery, the high absorbing substance 
(HAS)-coated surface may encircled with a thin ring of material of low the rmal con ductivity. 

15 This ring ensures confinement of the th ermal ef fect ONLY to the desired area of HAS coating. 
Except for t he ring of thermal insulator, th e entire cap is made of a substance of high thennal 
conductiyity. Thus, wh en the e nergy removal substance comes in contact with the inner surface, 
the entire surface is rapidly cools, thus both quenching the hot thermal area and adjacent regions 
which may have been effect by thennal en ergy con duction through the target material itself This 

20 is illustrated in FIG. 3C where the inter mediate material 3035 is made of a high conducting 

substance fHCSV 395. The high absorbing s ubstance area 370. i s thennally isolated from the rest 
of the HCS 395 by the rin g of insul ator material 390. when the energy source beam is scanned 
across the cap of intermediate material. 3035. only the area 370 is heated. Heat is co nfined by the 
insulating ring to the HAS area 370. However, when the energy removal substance is activated. 

25 all the intermediate material area and the target material are a in contact with it are cooled. 

A com plete device and its control box and knobs envisioned bv a preferred embodiment of the 
present inve ntion are illustrated in FIG. 4. 

30 A typical preferred embodiment for a device 4010 consists of five components: a handpiece 
assembly, a connector c able, power cord, power sup ply console, and the footswitch. 
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Within the ha ndpiece a ssembly are several sub-components: 

Diode laser 40 20: Emit s laser radiation towards the scanning mirrors. 

5 Thermoelectric cooler 4030: Cools the diode laser. 4020 to prevent overheating. 

Photodiode detector 4040: The photodiod e detector is used to measure total output power. It 
compares the amount of photo ns detected from 4 % of the refl ected po wer from the beam splitter 
to the power output determined bv the preset modes. 

10 

Scanning unit 4050: The sub-components of the scanning unit consist of mirr ors, a lens, and a 
beam s plitter. The mirror s are used to scan the laser emi ssion across a section of the target. The 
window in the scanning unit is used as a beam splitter where it reflects 4% of the total output 
beam towards the photodiode detector 4040. This allows for 96% transmission of total energy 
15 towards th e tar get tissue. A de tailed pict ure of the scanning u nit can b e seen in FIG. 4. 

Coolant e jector 4060: The coolant eiector spravs the contents in the coolant reservoi r 4070 onto 
the target tissue. The rate and duration at wh ich the c oolant is ejected is predetermin ed bv the 
different preset modes. The eiec tor s pravs once every three scanned lines for a period time period 
20 determined bv the m ode that t he device is operating in. 

Coolant reservoir 4070: The coolant reservoir houses the coolant that is used bv the coolant 
eiector. 4060. 

25 Focus guard 4080: The focus guard is mounted on the outside of the handpiec e. Its len gth is used 
to determine to optimal distance from the end of the hand piece to the target tissue. Resting the 
focus guard on the target tissue does this. 

Manual shutter. 4090: The manual shutter is used to prevent accidental firing of the laser. In its 
30 open position, it allows transmission of the laser beam to t he target tissue. In i ts closed position, 
it allows no transmission of laser radiation outside of the handpiece. 
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The conn ector cable 4100 is used to connect the handpiec e to the power supply console 4110, 



Tlie power supply console 4110 contains the control panel. 4120 and houses the power supply 
5 4140. The power su p ply console is plugged into wall via the power cord 41 50. The control panel 
4120 is used for turning the device on or off, selecting one of the presets, and disp lays the system 
status. The control panel is better illustrated and described in FIG. 5. 

The footswitch 4130 is used to operate the device. W hen dep ressed, power is supplied to the 
10 handpiece that allows the lase r diode a nd all systems within the handpiece assembly to operate. 

An exem plary device control box is shown in FIG. 5. The components of such an exemplary 
device control box are as follows. The push button 510 represent an exemplary present button 
which, using an exem plary, preprogrammed microprocessor, allow the user to select a 

15 predetermined set of scanning, energy source power, and coolant parameters. Four exemplary 
preset buttons are show n in this example. Above the present b uttons 5 10 an exe mplary light 
emitting diod es (LED) 500 is shown. Such LEDs indicate which settings have been selected. An 
on/off button is shown bv 520. The LED s hown bv 540 is a standby indicator that lights up when 
the device is idle. The LED shown bv 550 indicates that the energy source is on a nd interaction 

20 with the intermediate and target material is occurring. The LED illu strated b v 530 lights up 
whenever the energ y remova l components are activated. 

As FIG. 6 shows, one preferred embodiment envisioned utilizing a diode laser 120 as an 
exemplary energy source that is mounted on an thermoelectric cooler. A collimat in g lens 130 

25 ensures a collimated beam, which then passes through the two scanner mirrors. From the scanner 
the beam is directed to a focusing lens 140 which directs the laser beam energy to the target 
tissue. Before emerging from the handp ie ce a small portion of the beam is directed bv the beam 
splitter 205 to a photodiode detector. The photodiode detector 200 ensures that th e system is 
operated at a p ro per power level. The coolant reserv oir 1 60 i s also mounted within the 

30 handpiece. The coo lant is e jected via th e e jector 170. and directed towards the treated tar get 

tissue area. The focus guard 225. ensures p roper positioning of the handpiece wit h res pect to the 
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target skin tissue. The manual shutter. 240. prevents accidental firing of the laser. Another 
possible emb odiment nnakes use of a broa dband light source as the so urce of ene rgy (for 
example, a halo gen lamp or a xenon lampV Of course, in general, this invention contemplates 
manv energv sources as a possible source. 

5 

The laser beam is emitted fi-om the diode laser as a collimated beam, and is reflected fi-om the 
first scannin g mirror. 140. onto the second scanning mirror. 150. From there, the beam passes 
throu gh the focusing lens, 190. Once the beam reaches the beam spHtter 2 05, 4% of the laser 
output power 210. is reflected bv the beam splitter 205. to the photodiode detector 2 00, which is 
10 used to me asure the total amount of power emitted bv the diode l aser. The photodiode detector 
200. ensures that the svs tem is op erated at a proper power level. The rema inin g 96% of the laser 
output passes through the beam splitter and focuses onto the target tissue. 

The coolant reservoir 160. is also mounted within the handpiec e. The coolant is elec ted via the 
15 e jector and directed towards the treated target tissue area 180. A manual shutter 240 prevents 
accidental firing of the la ser. The focus guard 225. acts as the positioning device that allows the 
user to pro perlv determine the optimal distance to the target tissue that will allow for op timal 
performance of the device. 

20 If the manual shutter 240 is not displaced, the shutter will block all trans mission of the beam . 

Onlv when the shutter is disengaged fi-om its normal position will the beam be trans mitted out^ 
the hand piece and onto the target tissue. 

FIGS. 7 A throu^ 7F illustrate several other preferred embodiment of the present invention 
25 including the patterns of good heat conductors on the intermediate material. 

FIG. 7A shows a high thermal conductor 'heaters^ 720 which comprises part of the intermediate 
material fwhich we sometimes also designate at "cap s ") and the entire cap structure. The High 
thermal conductors heaters are separated bv the insul ator margin 750. Onlv the HTC 720. are 
30 heated due to the High absorbing substance HAS 730. deposited in one end. Heat is conducted 
throughout th e heaters 7 20 in the direction of the arrows 740. The HASs 730 is heated bv the 
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STATIONARY elo n gated BEAM 710. Thus. FIG. 7 A il lustrates the high thermally conducting 
'heaters^ 720. T he heaters . 720 are covered with the higli absorbing substance (HAS) 730. The 
beam 710 is e longated and its long axis is a liened with that of th e lon g axis of the he aters. The 
beam is then scanned a cross the intermediate material and get absorbed every time it crosses 
5 each one of the HAS 730 covered heater 720. The rest of the intermediate material 760 is a 
conductor as well. Heat does not flow from the heaters to the rest of the intermed iate material 
because it is in sulated f rom the re st of the i ntermediate material conductor bv the insulator 
brackets r750V Upon a predeterm ined timing an ener gy removal is activated and quenches the 
heating of the cell. 

10 

FIG. 7B shows the heating process completed bv a scanning beam. Here, the entire length of a 
heater-stri p of heaters 72 0 on the i ntermediate material 760. is coated bv a hig h absorbing 
substance 730 and is heated by an elongate d beam 710 which is then scanned across the surface 
and heat each one of the heater as it passes over it. 

15 

The entire process can also be made, in another preferred embodiment, bv illuminating an entire 
pattern, as shown in FIG. 7C. The energy source in this case would be a large diameter, large 
area beam which will irradiate and heat all heater at once. In this preferred embodi ment, all the 
heater-strips 720 on the intermediate material 760. are c oated bv a hi^h absorbing substance 730 
20 and are heated bv a b road bea m, 710, which covers and heat all heater-strips at the same time for 
the durati on of time for which the energ y source is on. 

Both of the above can be made, in another preferred embodiment, using an insulating 
intermediate substance as the in termediate material 760. said intermedi ate/insulating material. 

25 however, is thin enough to allow quick transfer of heat to the underlying target material. In this 
case, the High absorbing substance THASI i s deposited on the insulator—intermediate material— 
in whatever pattern is desired. The energy source ca n then be scanned across the absorbers as in 
7B. or can be large area as in FIG. 7C. The r e gions covered with HAS will heat up and transfer 
their energy to the tar get material and then, at a predet ermined t ime, the device will activate an 

30 energy re moving substance, for example a coolant sprav. o r a crvogen clav. t o quench the 

heatin g and eliminate some of the p ain and control the extent of the intera ction and the tissue 
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modification, 



FIG. 7D illustrates an exemplary cap 776 com prising of an intermediate material 777 on which a 
High absorbin g substance can be deposited, and a holder 779 that can be attached, via the 
5 guiding tub e 783. to the handp iece containing the energy source and the energy removing 
substance. 

FIG. 7E shows that ca p 776 attached with an mtermediat e material 777 on which a High 
absorbin g substance can be de posited, with its holder 779. attached, via the guiding tube 783, to 
10 the handpiece 781 co ntaining the energ y source and the ener gy remov ing substance. 

In a further preferred embodime nt the effect of the energy re moval substance interacting directly 
with the target material or interacting with the interm ediate s ubstance absorbing the source's 
energy can b e further controlled through the action of an auxiliary source of energy (or the same 

15 energy source activ ated a gain for additional periods and ac ting in c oordination with the ener gy 
removal sub stance) in order to mitigate excessive en ergy re moval effect or excessive cooling 
iwhich may cause harm to the target mate rial.) For exam ple, in FIG. 7F if the time axis is 
represented bv the line 7 035. The n a burst of energy 7005 at tim e 7006 may be followed by the 
application of the energy removal substan ce 7015 a t time 7016. Then, in order to control or 

20 mitigate t he effect of the energ y remo val substan ce, the b urst 701 5 is followed bv a second 
application of a burst o f ener gy pulse 7025 at time 7026. If the target material removal or 
modification process occur repetitively, then the energy/energv-removaiyenergy application cycle 
is repetitive as well as shown bv the add itional seq uences 7040 and 7050 FIG. 7F. 

25 FIG. 8 shows anothe r preferred embodiment of the present invention. In this embodiment, a grid 
810 made of a rigid mat erial is attached to a film of a sub stance of high abso rption 820 to form 
an interface b etween the im pinging source's energy and the target material. The film of substance 
of high absorpfion 820 is in contact with the ta rget material, while the grid 810 is facing the 
energy source . The grid 810 can be made of aluminu m or anv other substance. Preferably it is 

30 made of m aterial tha t does not absorb the source ene rgy very well. The energy fi^om the source, 
passes through the o penings in the grid and is then absorbed bv the film of high absorbing 
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substance 820 a nd is then transferred to the targe t tissue. The energy is either not absorbed well 
bv the grid or if absorbed, is not sufficiently dam age the g rid. The grid 810 mav also serves as a 
active cooling to cool the target material and the high absorbing substance film. The grid 810 
may, for example, function as a thermoelectric cooler where each line on the grid is triggered at a 
5 different ti me (for ex am ple, coohng can be triggered so that cooling a line on the grid is triggered 
to follow an energy sca n alon g or in the vicinity of that line. T his phased cooling can assure 
efficient inter action at. for example, the region parallel to grid line 840 while the region parallel 
to the area 840 is bein g infused with energy fi-o m the energy source. One exemplary way to 
prepare such a grid 810 is to use a metallic thin sheet cut out to the desired dimensions, create a 
10 perforation pattern in said thin sheet of metal and then, attach the film of hig h absorbing 
substance to the sheet of metal. 

In another preferred embodiment, shown in FIG. 9. an apparatus is contempla ted by the 
invention to allow different focusing lenses to create d ifferent s pot sizes at the hi^ absorbing 

15 substance. In this embodiment, a telescopic attachment 910 to which a high abso rbing substance 
intermediate material cap 920. is c apable o f being extended or folded to the desired len^h firoma 
position. 930 to which a corresp onding lens can be attached. The Operator can thus insert a 
variety of lenses with different focal lengths (thereby c reatin g a range of target effects) and 
adjust the telescopic attachment 910 to the corresponding proper length. T he lenses 950 can 

20 either be in serted on e bv one to a lens holder position 930. or t hey can be all mount ing on an 

exem plary rev olving car rousel or drum 960. said revolving carrousel or drum 960 is pla ced at the 
lens holding position 9 30. The operator can then rotate the revo lving carou sel or dr um to the 
position where the desire l ens is enga ged and adjust the tele sco pic attachment 91 0 to the proper 
position. Of c ourse the entire pro cess can be automate d and dri ven bv a m otor so that the 

25 o perator can select the target or tissue effect he wish, the drum is automatically r otated to the 

pro per positio n with the proper le ns selection, and the telescopic attachment 910 is automatically 
adjusted bv motor to the approp ri ate extended length. Also sho wn in FIG. 9 is an opt ional energy 
removal system 970. Such energy removal system can consist, for e xam ple, of a coolant 
reservoir and e jection control. 970. which, for example, on demand, allow an exe mplary jet of 

30 coolant sprav 980 to discharg e and be directed t oward the intermediate material medium 920 

with the hi gh absorbing substance. The cooling of the intermediate material medium also remove 
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energy fr om the target material and thus the coolin g of the both the intermediate material as well 
as the co oling of th e tar get material i s achieved. 



[0036] Pr e f e rred Embodim e nt Embodiment 1~ : Controlling Tissue Effects : 

5 

The conversi on effici ency (i,e. how much of the inc ident ene rgy has been converted to thermal 
energy) depends strongly on the interaction between four factors: The energy source p arameters 
(Lp\ the energy manipulating co m ponents paramet ers (OS p i the Energy removing parameters 
(ER p) and the high absorbing substance parameters THAS^V The present invention contemplates 
10 four inter acting parameter reg imes that yield to the final t arget modi fication effect. The first 

parameter g roup to be considered, is the s ource parameter. These include the sou rce energy, the 
source power, the puls e duratio n (if pulsed) and Pulse repetition rate (if pulsed^ and the source 
wavelength, if the energy is radiated. 

15 The second group of p arame ters is the optical/scanning parameters. These define the beam spot 
size and the m otion of the ener gy along the intermediate material 

The third gr oup is intermediate material parameters. These define the rate of conversion of 
ener g y from the source energy t o the type of energy that interacts with the target. The final group 
20 of parameters is the energy removal parameters. These define when, how and temporal nature of 
the energy removal fro m the int ermediate material, target ma terial or both. 

The interaction between these four components will determine how much of the source's energy 
is converted to thermal energy. For example. I have tested a 1 W source scanning a 1 Cm^ area 
25 of at a rate of about 6 seconds. Assumi n g that all the energ y is abso rbed bv the layer of high 
absorbing substance, we have 6 Joule deposited over the 1 Cm area. 

Assume now that the e nergy ab sorbed E is thermally conducted to the underlying target area, hi 
the case of human skin, for example, water molecules dominate the underlying tissue cells. 
30 Simplifying our analysis bv assuming as a first approximation a tissue model which is s imilar to 
an eq uivalent volume of water, we can estimate the amount o f energ y it would require to take a 
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coagulate (i.e. brin^ the tissue tem perature to above the tem perature of thermal denaturation of 
ap proximately 60^ C.) a volume of tissue HOP /xm*l c m"^ approximated as a volume of water. 

We can use the r elationshi p E=CAT (I) Where E i s the energy required and AT is the increase in 
5 temperature. To take water from 20 degree c to 60 degree c and with the spe cific heat of water 
given bv approx imately Cs =l cal/g*cOWe get from the relatio n above E ^ .6J To vaporize this 
amount of tissue would require bring ing the ti ssue (or in our simplified thennal model-the water 
volume. 1 cm^ 100 fim thi cks to boili ng temper ature, and then, ftirther vaporizing that voluine. 
From the relati onshi p of E quation 1 above, the temperature rise of 80^ C would require about 

10 3.2 J. The heat of vapo rization of water at 1 00° C. and 1 atmosphere p ressu re is 539.6 Cal/gm. 
Thus to vaporize the 1 00 um thick volume discussed above will req uire bout 21 .6 J. clearly much 
more than the TOTAL in cident so urce energy in our experiment of about 6J. On the oth er hand. 
a 10 mm thick laver of tissue (approximated as water"! will require only approximately 0.32 J to 
raise its tem perature from 20° C. to 100° C. and 2.16 J to v a porize. With our abo ve calculations 

15 show that to raise an addition volume of (100 umT cm"^ to 60° C. coagul ation tem perature is 
about 1 .6 J. we see that with a total of about (2.16 J+0.32 J4-1.68 J^4.16 J we can vaporize about 
10 /Ltm of tissue and coagulate an additional 10 0 ixm thick layer. 

This simplified analysis agrees with the order of magnitude of our experimen ts in pig skin tissue. 
20 in which b oth the de pth of ablation and depth of tissue thermal damage are on the order of 
magnitude predicted bv the above analysis. 

[0037] 1) From the above analysis we can conclude that coupling of X Joule of energy with 
temporal T(t) and spatially R(r) of energy will lead to the ablation of a layer of thinness Xabl and 
25 leave behind a layer of thickness Xtd of thermally modified tissue. The present invention 

contemplate four parameter groups responsible for a given energy distribution E(t,r)=F[T(t)R(r)]^ 

[0038] Th e four param e t e r group are illustrat e d sch e matically in FIG. 5. Th e s e include the las e r 
paramotors, 500, th e b e am modifier parameters (including the optical b e am modification 
30 apparatus and scannrng paramet e rs) 510, the Energy R e moval param e ters, 520 and th e higli 
absorbing substanc e param e ters, 530. 
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[0039] The example above showed that a given parameter combination with 1 W of 810 nm 
radiation, allows, for example, the generation of 1 0 um deep ablation zone and a subsequent 
thermal modification zone of approximately 100 um deep. Such an exemplary combination 
5 generated 6 J of energy, of which, according to the above analysis, about 4.2 J was needed to 
generated these effect. If we define this energy as Eth, or threshold energy for interaction, which 
when applied in conjunction with the parameter combination 540 of FIG. 5, will result in the 
Zabl=10 um and Ztd-100 um. 

10 {0040]-Clearly, when considering the parameter involved in the substance of high absorption 
(HAS), 530, if a single layer of absorbing particles is involved, the surface density of absorber 
will correspond to the amoxmt of energy coupled to the substance of high absorption and the total 
amount of incident energy converted into thermal energy. For the parameters in the incident 
power 1 W, 810 nm, with scan rate of 1 cm^ per six seconds, described above, a single layer HAS 

15 with particle density such that only, for example, 1/3 of the target area is cover, will not provide 
sufficient energy to achieve the effect of vaporizing 10 um of tissue and thermally modifying 
100 um. While thermal diffusion will provide thermal effect even through the gaps in the surface 
coverage, (for example, if a heat-removing substance is applied every 250 ms, heat diffusion of 
about 500 um within this time, would essentially assure complete coverage of the target surface 

20 by energy) the total amount of energy deposited in the tissue will be 2/3 less then in a uniformly 
covered surface as the portion of the beam that does not encounter HAS particles, continues to 
propagate through the skin unimpeded. 

[00 4 1] 2) On the other hand, if E>Eth, then one can compensate for the high absorbing 
25 substance, HAS, lower particle density, with a higher source power. 

[00 4 2] For example, if in the experiment discussed above we employ a power source of, for 
example, 3 W, the sources now deliver 18J in 6 sec, and while 1/3 of the particles will couple 
approximately 1/3 of the energy, the same total quantity of energy will be coupled to the 
30 targeted. Heat diffusion will then assure that this same overall quantity of coupled energy will be 
distributed to the entire area. 



38 



[0043] With a spot size of, for example, about 200 um and a dwell time of about 10 ms, even 
small, roughly single micron size particles, will allow heat diffusion to roughly the same area on 
the same time scale. Thus a uniform HAS particle coat with a IW beam dwell time of about 10 
5 ms will cover about he area with thermal energy as a coat with 1/3 the particle density but with a 
3 W power. 

[004 4 ] T he above discussion thus demonstrate that the parameters combination 540 of FIG. 6, 
allow compensation of sources power by varying the High absorbing substance concentration 
10 and vice versa. 

[00 4 5] 3) The thickness of the high absorbing substance is another components of the parameter 
group 530 of FIG. 6 that plays an important part in determining the target (or tissue) effects. If 
the absorbing particles are poor thermal conductors, depositing a multiplayer absorbers on top of 

1 5 the target will result in significant source*s energy being absorbed in the upper layers but never 
making it to the lower layers before the heat remover is applied. ON the other hand, applying a 
high absorbing particles in suspension in a substance with improved thermal conductivity will 
assure that the above energy is conducted to the target material. One can then allow gradual 
thermal energy application to the target as sequential scan passes are stacked and add their 

20 thermal energy to the tissue. The present invention contemplates ablatively removing portion of 
the high absorbing substance coat with each pass resulting in a self-limiting scheme allowing 
only a finite number of passes and thus only a finite amount of energy deposited in the target 
material before the high absorbing coat has been completely removed and no more sources 
energy can be coupled to the target. 

25 

[00 4 6] 4) Controlling Tissue Effects Through the Heat-Removal Mechanism . 

[0047] The energy removal mechanism 520, illustrated in FIG. 5 also plays a multiple role in 
controlling the tissue effect. As was pointed in the discussion above, it effectively ends a heating 
30 cycle by effectively removing the heat from the outer surface of a target. For example, if a single 
line 1 cm long and 0.7 mm wide is scanned in, for example, 100 ms, then heat diffuses about 300 
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um from the impacted zone. Activation of the heat-removing mechanism (according to the 
pattern shown, for example, in FIG. 3) allows control of spatial distribution and synchronized 
termination of the thermal effect (by effectively removing the heat source from the surface). In 
fact, the action of the heat removal mechanism goes even fiirther, because by allowing the 
5 operator to very rapidly readjust the surface temperature to even below normal ambient 

temperature, heat can now be forced to flow out of deeper layers in the tissue. The net effect is 
creating a spatially and temporally controlled thermal pulse that propagates into the material bulk 
from the high absorbing substance in contact with the material surface layer and then, upon 
instruction from the operator, the heat reverses direction and flows out of the bulk. 

10 

[00 4 8] An analogy to the behavior of the flow of thermal energy in the material and the time and 
space dependence of the distribution of thermal energy density (thermal energy per unit volume) 
is the behavior of an electric charge density (for example electrons density) under the influence 
of alternating positive and negative electrodes outside a conducting medium. The thermal energy 
1 5 density under the influence of the deposited light energy (effect of 530 in FIG. 5) and the heat 
removing mechanism, 520, (such as freon like spray or other cryogen spray or controlled air 
flow, or temporary contact with cold plates or thermoelectric coolers or other such methods to 
induce transient heat removal), is much like an oscillating or direction-reversing electron cloud 
movement. 

20 

[00 4 9] The following are additional preferred embodiments (PE) contemplated by the present 
invention. The discussion below will also demonstrate the relationship between the various 
parameter groups of FIG. 5. 

25 [0050] Preferred Em bodiment embodiment 1 : Optical heatin g^JIere , no high absorbing 

substance and no heat removal mechanism ^gis used , such that the —heat transfer substantiallv 
amounts substantially to diffusion In this case. Initial thermal energy distribution mirrors that of 
the optical deposition. Heating due to optical scattering is maximal just below the surface. 

30 rQ051] Emobdim e nt Preferred Embodiment 2- : Heating with a heiat removal applied before and 
or during irradiation, resulting in peak power and thermal energy distribution below the surface. 
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f00§3f Preferred Em bodiment 3 : Heating the target surface optically resulting in initial thermal 
distribution which mirror the initial optical distribution, Heat removal is then applied to the 
surface resulting in modification of thermal distribution below the sxirface as well as heat begins 
5 to redistribute itself and diffuse BACK UPWARD towards the now cooler surface. Thermal 
modification thus does not allow enough time for surface to get fully heated and damaged. 
Thermal distribution below the surface is temporally and spatially modified according to 
intended operator design. 

10 fOO^^ Preferred Embodiment 4: Application of a highly absorbing substances to the target 
sxirface prior to external energy deposition. This leads to initial heating confined to the 
THICKNESS OF SURFACE high absorbing substance alone. The operator thus has full control 
over the deposition layer and the initial heating zone. 

15 [005 4 ] Pr efefed-Preferred Embodiment 5 : Initial heating with high absorbing substance allowing 
heat to propagate ahead a predetermined distance. A heat removal mechanism is then applied to 
the sxirface quenching the sxirface heating. The heat then continues to diffuse deeper into the 
tissue but the thermal energy below the surface also flows back out and flows back towards 
surface where it is used to reheat surface. The net effect of this process is to limit the effect of the 

20 heating, the amount of heat available for tissue modification and the extent of the damaged tissue 
and the depth location of damaged tissue. 

fOQg^ Preferred em bodiment Embodiment 6: The high absorbing substance is applied and 
subsequently wiped off so it remains substantially mostly in the pores, depressions and troughs 
25 of the skin. In these location it absorbs radiation causing localized points of thermal heating 
spatially distributed on the target surface. Subsequent illximination but the extemal energy 
soxirce, results in some of the radiation being absorbed by the localized points containing high 
absorption substance while the rest of the radiation propagates deeper and heating— to a much 
lower degree— much deeper into the tissue. 

30 

[0056] The net effect is rapid heating and expansion of the pores COMBINED with heating of 
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lower/deeper region of the skin to allow expansion of the lower parts which, in turn, expel 
through the pores, undesired material which may reside in the skin. 

fOO^Tf Preferred Embodiment Pr e f e rr e d e mbodim ent 7 : The preferred embodiment above (PE6) 
5 followed by the removal of heat. "Freezes" and the expansion on the surface (and begins 
generation of contraction of the target material) while heating of deeper regions by Optical 
deposition allows an efficient deeper target expansion. 

[0058] Preferred Em bodiment Pr e f e rred e mbodim ent 8: The process then of application a high 
10 absorbing substance can be modified through a high absorbing substance applicator device to 
achieve the following effects: 

[0059] 1 Heating of a very thin layer of high absorbing substance. Heat is transferred to the skin. 

1 5 [0060] 2 Heating of a "diluted" high absorbing substance suspended in a layer of other material 

[0061] 3 Wherein other material is an insulator-thereby mitigating the amount of heat 
transferred but also maintaining heat in that layer for a longer time. 

20 [0062] 4 Wherein the other material is an insulator-thereby mitigating the amoimt of heat 
transferred down to the lower tissue but allowing accumulation of heat in the surface layer 
lowing to material removal through explosive ablation of the applied surface layer. 

[0063] 5 Wherein other material is a conductor—thereby enhancing heat transfer to the tissue. 

25 

[0064] 6 Whereby the above method is followed by surface heat removal. 

[0065] 7 Where the high absorbing substance is also insulating thus resulting in ablation of 
surface with substantially mostly mechanical shock to tissue. 

30 

[0066] 8 Wherein the high absorbing substance is partially transmitting resulting in BOTH 
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deeper "Optical" heating AND intense surface heating. 



[0067] 9 The device and method of 8 above wherein the heating phase is followed by heat 
removal resulting in intense heating at below surface but a more delicate spatially larger heating 
5 at the surface. 

f0068^ Preferred Embodiment 9: Proforrod embodiment Application Technologies^— 
Application of high absorbing Substance Using a Thin Film: 

10 fO069]-Another way to create a precise effect with the disposable is to create a film. For example 
one can create a xmiform suspension of high absorbing substance in a host material such as 
paraffin, paper, metallic matrix, insulator matrix, thermal insulator or plastic matrix, thermally 
conducting matrix, Jelly, agar or other hosting material. The operator can then slice it to a precise 
thickness (for example from a preferred thickness of about 10 micrometer to as much as about a 

15 1 00 micrometer thick—although many other thickness can be contemplated). The process is 
much like that used in histological slides preparation. A slice with the desired particle size and 
the desired concentration is prepared and is coated with adhesive to allow it be attached to the 
targeted area of the skin 

20 [0070] Such a film of HAS can be packaged in a sterile packaging and can come in various sizes 
and shapes. Such a package can then be opened prior to use, and the operator can cut it with 
sterile scissors to the desired shape. The film is then attached over the desired targeted area 
creating a precise special localization of concentration and density and particle size and thickness 
of layers. 

25 

[0071] Light traveling through the film containing the high absorbing substance, activates the 
product in order to cause thermal injury to tissue and/or the high absorbing substance itself for 
the purpose of causing thermal injury to tissue. The solid film become adhesive upon contact 
with moist target and adheres to a given location. The adhered film allows high spatial control 
30 and eliminates the more messy cream or lotion method of applying a substance of high 

absorption. The film visually changes in color as the high absorbing substance interacts with the 
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incident energy. Some portions of the film are consumed by the apphed Ught soxirce. 



[0072] The consumption of the film shows the operators where they have treated, and how long 
and when the product has expired. 

5 

[0073] With the film or cream of high absorbing substance in place, an site undergoing 
interaction is visually altered and the handpiece may be used in a fi:-ee hand motion to cover a 
larger area. The film will change in appearance, showing the area treated and Confirming the 
product has been consumed. The operator continues to move the handpiece over the target area 
1 0 until the film changed its appearance uniformly to the one indicating proper treatment. 

[0074] The film may be designed to be thin enough so it does diminish the effectiveness of 
thermal energy conduction due to the energy source or heat removing source that are heating or 
cooling the skin. The film may incorporate anesthetics drugs nutrients and coolants that could 
1 5 allow the film to have it own cooling mechanism built into it. 

fOO?# f Preferred Embodiment 10: - 

[0076] The Device contemplated includes an energy source which emit radiation which, in turn, 
20 is absorbed by the an intermediate material made of thin layer. One surface of the intermediate 
layer contains an absorbing substance, which is capable of absorbing the radiation of the energy 
source inside the handpiece. A second property of the intermediate substance is that it is capable 
of transmitting said absorbed energy firom the side facing the energy soxarce to the side in contact 
with the target material (the material to be modified). A third property of the intermediate 
25 material is that all the absorbing substance is contain in a region of the intermediate material, 
which is accessible to the radiation fi-om the energy source but which is— in a preferred 
embodiment-NOT in contact direct contact with the target material. 

[0077] In an altemative embodiment, the intermediate material contains absorber that IS in 
30 contact with the target material. However, said intermediate material and the high absorbing 
substance of this embodiment are made of biocompatible material which can be used in contact 
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with an animal skin without causing adverse effect. In the more general case, said high absorbing 
substance and intermediate material can be in conatct contact with the target material but are 
made of material which DOES NOT have adverse effect on the target material. For example, 
High absorbing material can consist of carbon particle in solution as in Higgins Black Magic ink. 
5 A paper matrix can be a 0.05 mm thin paper with the carbon solution capable of adhering to the 
surface of the paper film. 

fO&?8} "Further preferred embodiments for the application of high absorbing substance: 

10 [0079] A) The composition of the high absorption substance can be adjusted for an optimal 

tissue modification. The matching to optimize the interaction 540 in FIG. 5 is accomplished by 
adjusting the source parameters Pl 500 and Optical/scanner parameters Po/s 510 in FIG. 5, to 
that of the high absorption substance parameters Phas? 530. 

15 f0080^- Settings for Laser/Optical/Scanner— : 

[00 8 1] The fluence F at a given point and time on the target surface is given by, F=P/(LxNUxD) 

[0082] Wh e r e where P is the source's power in Watts, Lx is the length of scan in the X- 
20 dir e citon direction (the horizontal direction), NUx is the scan fi"equency in the X-direction and D 
is the spot size diameter. [0083] The actual energy in the tissue is determined by a combination 
of the effect of the energy absorbed by the high absorbing substance and its conduction 
coefficient (CC) responsible for transferring the thermal energy to the tissue. 

25 [008 4 ] Thus, the thermal energy transferred to the tissue (recall that the fluence is simply the 
energy per unit area) is proportional to 

E tissue absorb in cream)* Conduction coefficient, 

30 [0085] Now if we use an absorber which also acts as an insulator in the medium, the conduction 
coefficient then becomes a fimction of the high absorption substance density (p). 
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E abs=FUN(p), 



[0086] If we design the high absorbing substance (HAS) as a good insulator, material conduction 
5 will in general decrease as a function of HAS density p, 

[0087] With these considerations we have effectively designed a system such that incident 
energy conversion to thermal energy is increase with the HAS density BUT the transfer of this 
thermal energy from the layer of HAS to the targeted material surface is DIMINISHED with 
10 increase HAS density. This situation is depicted by FIG. 7 below. 

[0088] As shown in FIG. 7, the absorbed energy 710 increase with HAS density 700, while the 
transferred thermal energy to the tissue 720 is decreased as a function of HAS particle density. 
The total amount of energy transferred to the targeted material surface, 730, is thus, a 

1 5 combination of these two effect and is demonstrated in FIG. 7 by the curve 740. Optimal and 
maximum thermal energy deposition in the targeted tissue surface is corresponds to the location 
750 shown in FIG. 7. The curve 720 shows the tendency to decrease coupling due to increase 
HAS particle density and the associated decrease thermal conduction. The curve 710 shows the 
tendency to increase energy coupling with increase HAS particle density and increased 

20 absorption. The curve 740 shows the actual effective energy coupling to the target material 
surface due to the combined effect of curve 710 and 720 

[0089] The correct calculation of the amount of energy depostit e d edeposited in the target 
material should thus be 

25 

Feffective=Peffective/(L NUxDiamtCr) 

[00901 Wher e where Feffective is given by 
30 Peffective=(I^cident power* Absorption)^ 
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[0091] To calculate a manipulation of the beam power as a function of HAS particle density we 
follow the procedure below: 

[0092] We Assume a uniform complete absorption in tissue when p=PideaL 

5 

[0093] We then assume that when F=Fideai one gets the desired tissue effect, 

[009 4 ] We Set laser/optic/scan parameters-Power, Lx, NUx and beam diameter at the target so 

that to F»FideaL 

10 

[0095] So we are certain that a thermal damage to the target material will occur. 

[0096] We then REDUCE p to p<Pideai so that LESS power is absorbed and the incident fluence 
is again in the close of the "ideal" fluence Fideai- 

15 

[0097] Obviously the dependence of HAS particle density on Laser/optical/scanner parameters to 
achieve a desired tissue or target effect allow a large number of permutation and large number of 
combinations to be selected. 

20 [0098] If a Different high absorbing substance (HAS) particle density p is provided and if the 
HAS particle density is too low— no effective interaction occurs On the other hand, if the HAS 
particle density is too high— a bum might occur^ 

[0099] If HAS particle and the host substance are maintained at a constant conductance level, the 
25 deposited energy density will increase monotonically as a fiinction of the HAS particle density 
until the surface is completely covered with HAS. 

[0100] Such a situation in combination with the increasing source power levels will result in 
increased thermal loading and ultimately bum and blister. 

30 

[0101] D e scription of Such Pr e f e rr e d Embodiment The Film: 
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[0102] The film is designed to be thin enough so it does not affect the cryogen that is cooling the 
skin. The film can incorporate anesthetics drugs nutrients and coolants that could allow the film 
to have it own cooling mechanism built into it. 

5 

[0103] One way of creating such a film that adheres to the surface is using a starch paper such as 
rice paper or potato starch paper. High absorption substance particles according to the correct 
composition proportions and design described above may be incorporated into the starch papers 
or may be added after the paper has been form. The method allow precise control of the 
10 thickness of the film or paper sheet, as well as precise control of the paper composition and HAS 
particle density, particle size and chemical content. The thin film or paper is then, in a preferred 
embodiment, being consumed with successive paths so at the end of a pre-determined number of 
passes, substantially very little HAS particles are left behind and the interaction is self-suspended 
adding to the safety of the device. 

15 

[010 4 ] Pr e paration of aA Film Comprsinin g comprising e&a. Potato Starch Film with High 
Absorbing Particles Suspended Within it can be Accoumplish e d prepared via the Following 
Procedure: 

20 [0105] 1.5 cup of water; 

[0106] 1 spoon of potato starch; 

[0107] Mix starch in Cold water first; 

25 

[0108] Stir thoroughly and make sure all is dissolved; 
f0iO9]-Place mixture in pot and bring to a boil (1/2 way); 
30 [0110] Mix in HAS into liquid (Food coloring carbon particles); 
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[01 1 1] Bring again to a boil allowing liquid to rise close to the top of the pot (Stir regularly to 
make sure no clumps form); 

fOi+^Remove/tum off heat and allow to dry on the side of the pot. Approximately 1 5 min 
5 depending on thickness. 

[0113] If it is too thin redo but at lower temperatures. 

[011 4 ] It is very important that the liquid and starch concentration determine how thickly the 
10 side of the pots will be coated. The process can be repeated a few times to make a thicker coat. 

[0115] Another way to create a precise effect with the disposable is to create a film by other 
means. For example one can create a uniform suspension in a paraffin, or in a Jelly or agar. Then 
slice it to a precise thickness (e.g. 5 micrometer) much like we do in histology slides preparation.. 
1 5 A slice with the desired particle size and the desired concentration is prepared and is coated with 
adhesive to allow it be attached to the targeted area of the skin 

[0116] Such a film of HAS can be packaged in a sterile packaging and can come in various sizes 
and shapes. Such a package can then be opened prior to use, and the operator can cut it with 
20 sterile scissors to the desired shape. The film is then attached over the desired targeted area 

creating a precise special localization of concentration and density and particle size and thickness 
of layers. 

f(H4^Embodiment set #1 Additional Embodim e nts : 

25 

[01 1 S] 6 Th ft prnc er tr, as in claim 5 wher e in said high absorption substanc e is In that 
circumstance, the hi^h absorption substa nce can be deposited in a thin film containing high 
absorbing particles of density which assures that at least 60% of the light energy is intercepted 
and absorbed by the particles. 

30 

f<H4-9f The high absorption substance can also be 7. The process as in claim 5 wher e in said high 
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absorption substanc e is deposited in a thin film containing high absorbing particles of density 
which assures that at least 40% of the light energy is intercepted and absorbed by the particles. 
The high absor ption substance c an also be 

5 [0120] 8. Th e process as in claim 5 wh e rein said high absoiption substanc e is deposited in a thin 
film containing high absorbing particles of density which assures that at least 20% of the light 
energy is intercepted and absorbed by the particles. The high absorption substance can also be 

[0121] 9. The process as in claim 1 wh e rein said higli absoiption substanc e is deposited in a thin 
10 film containing high absorbing particles of density corresponding to the rate of energy deposition 
per unit area so that the energy deposited in the skin is sufficient for the removal of at no more 
than 70% of the epidermis and the energy deposited in the skin allows permanent modification of 
the skin to a depth of no more then 100 micrometer below said depth of tissue removal. 

15 [01221 Embodiment set #2 BIBI BIBI 

[0123] 1. A method for the removal of a superficial layer of a material while thermally 
modifying deeper layers, comprising comprises the steps of: 

20 [0124] Mixing mixing a substance having a high absorption of at least one firequency band of 
electromagnetic radiation in a host substance, host substance has the properties that after mixing 
it can be formed into thin films or stripesj-L^d, 

r01251 Said said stripes are capable of adhering to the surface of the target material thus 
25 becoming cohesive stripes^L^d 

[0126] Applying ap plying said stripes to the target materialr; 

[0127] Applying ap plying electromagnetic radiation to the area covered by the stripes with the 
30 substance having a high absorption of at least one frequency band of electromagnetic radiation 
being appliedr^ 
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fOm ^Embodiment set #3 BIBI BIBl 



[0129] L A method for applying energy to biological tissue, comprising comprises: directing an 
5 electromagnetic energy source to apply the energy to a region of the tissue, so as to ablate a 
portion of the tissue in the region; and applying the energy to the region of the tissue comprises 
placing a material on the tissue to increase the absorption into the tissue of energy applied by the 
source. 

10 [01 30] 2. Th e m e thod of claim 1. wher e in th e material compris e s in that circums tance, the 
material ca n comprise: Water, glycerin. Stearic Acind Acid . Aalo e Aloe Vera GeHGeL 
Isoparapffin Glycol Stearate, Mineral Oil, Lanolin, Cetyl acetate, Glycerl Stearate, Cetyl 
Alchohol Alcohol , Dimenthicone, DEACetyl Phosphate, Magnesium Alluminium Aluminum 
Sillicat e Sjlicate . Ac e tyulat e d Acetvlated Lanolin Alcholol Alcohol , Strearamide, AMP, 

15 Methylparaben, Propylparaben, Fragrance, Cabomer 934, Disodium EDTA, Butyl ene Glycol, 
DMDM Hydantoin with a suspension of graphite powder. 

[0131] 3. Th e m e thod of claim 2, wh e r e in th e TTi^ graphite powder particles afe -can be any of the 
following: larger than any pore in the human body; 

20 

[0132] 1 The m e thod of claim 2, wh e r e in th e graphite powder particles are larger than about 30 
micrometer; 

[0133] 5. Th e m e thod of claim 2, wh e r e in th e graphite powder particl e s ar e larger than about 60 
25 micrometer: -and 

[013 4 ] 6, The method of claim 2, wh e r e in th e graphite powder particles arc larger than about 1 
micrometer^ 

30 [0135] 7. Li another aspect, aA method for applying energy to biological tissue can comprise ^ 
comprising : directing an electromagnetic energy source to apply the energy to a region of the 
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tissue, so as to ablate a portion of the tissue in the region; and applying the energy to the region 
of the tissue comprises placing a material on the tissue to increase the absorption into the tissue 
of energy applied by the source. 

5 [0136] 8> Tho method of claim 7. wh e rein tho ln that circumstance, the absorption-enhancing 
material compris e s can comprise graphite powder particles suspended in mineral oil : the t 

[0137] 9. Th e m e thod of claim 2, wh e r e in th e absorption - enhancing mat e rial comprises graphite 
powder particles afe- can be suspended at a density of yyy particle per cm^ . and 

10 

[0138] 10. The method of claim 1, wherein the graphite powder particles can be a^e-suspended in 
K-Y Jelly, 

[0139] 11. Th e m e thod of claim 1 . wh e r e in th e The material can comprise compris e s : Water, 
1 5 glycerin. Stearic Acind Acid . CI 1-13, Triethnolamine, Petrlatum Petrolatum. Sunflower See Oil, 
Soy Sterol, Lecithin, Sodium Stearoyl Lactylate, Tocopheryl Aeeat eAcetate (Vitamin E Acetate) 
Tetinayl Palmitate (Vitamin A Palmitate) Potassium Lactate, Urea, CoUeagen Amino Acids, 
Sodium PCA, Lactic Acid, Zinc Oxide Isoparapffin Glycol Stearate, Mineral Oil, Lanolin, Cetyl 
acetate, Glycerl Stearate, Cetyl Al chohol Alcohol , DimeRthicone, DEACetyl Phosphate, 
20 Magnesium Alluminium Aluminum Sillicate Silicate . Ac e twlat e d Acetvlated Lanolin 

Alcholol A lcohol , Strearamide, AMP, Methylparaben, Propvlpaab e n Propvlnaraben . Fragrance, 
Cabomer 934, Disodium EDTA, Butylene Glycol, DMDM Hydantoin with a suspension of 
graphite powder 

25 [01 4 0] The material can comprise 12. Th e method of claim 1. wh e r e in th e material comprises: 
Novocain and graphite powder suspension^ 

[01 4 1] 13. Th e m e thod of claim 1, wherein th e material compris es : A ana ntioxidant and graphite 
powder suspension. 

30 

[01 42] 1 4. A ln another as pect, a method for applying energy to biological tissue , comprisin g can 
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comprise : directing an electromagnetic energy source to apply the energy to a region of the 
tissue, so as to ablate a portion of the tissue in the region; and applying the energy to the region 
of the tissue comprises placing a material on the tissue to increase the absorption into the tissue 
of energy applied by the source, said material is dispensed in such a concentration so as to allow 
5 approximately 100% of the incident energy to be converted to heat within the first interaction, 
followed by: 

[01 4 3] 60% within the second interaction; 
1 0 [01 41 ] 30% within the third interactionrLand 
[01 4 5] less then 5% within the forth interaction. 

[01 4 6] 1 . Aii ln another as pect, an apparatus for the ablation of a superficial layer of a tissue 
15 while thermally modifying deeper layers, comprising comprise the steps of: 

[01 4 7] Mixing m ixing a substance having a high absorption of at least one frequency band of 
electromagnetic radiation in host substance, host substance has the properties that after mixing it 
can be formed into thin films or stripes^; 

20 

[01 4 8] Forming forming cohesive stripes of said host substance; 

[0 1 4 9] Applying ambdng^ said stripes to the target tissue ;_and 

25 [0150] Applying applying electromagnetic radiation to the area covered by the stripes with the 
substance having a high absorption of at least one frequency band of electromagnetic radiation 
being applied^. 

[0151] Additionnl Preferr e d e mbodiment Group A In another preferred embodiment a method for 
30 delivering an external substance through the outer skin barrier comprises . BIBI BIBl 
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[0152] Tho method comprising, 

[01 53] Applying ap plying a substance to the surface of the skin-; 

5 [01 5 4 ] Brining b ringing an intemiediate material in contact with the substance to be delivered; 
and 

[0155] Applying applying an external energy to the intermediary material so that it is activated in 
a manner that causes said substance to be delivered to be able to move through the extemal 
1 0 surface of the skin into deeper layers. 

f&44 ^Enhancement of Substance Delivery 

rO 1 571 In a A -svstem for enhancing and improving the delivery of a substance across a barrier^jr 
15 A substance is applied to the surface of the barrier to be penetrated. The substance is then 

brought in contact with a device containing an energy source, said energy source emit energy 
which causes an intermediate medium to drive the substance across the barrier. 

PREFERED EMBODIMENTS 

20 

[01 58] On e s e t of pref e iTcd embodiment is For example, i 

[0159] 1 . A a^method for enhancing the transport of a substance through a barrier can comprise - 
comprising: 

25 

[0160] applying the substance to be transported to the surface of the barrier, and exposing the 
barrier to energy capable of driving said applied substance across the barrier. 

[0161] 2. Tho method of claim 1. wh e r e in said in that circumstance, the energy capable of driving 
30 said substance across the barrier can also be i s-alse-caDable of modifying the barrier 
characteristics which enhance the penetration of said barrier by said substance. 
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[01621 3. The method of claim 1, wh e rein said T he energy capable of driving said substance 
across the barrier can also be is also capable of modifying the barrier characteristics which 
enhance the penetration of said barrier by said substance, said energy is generated by an 
5 electromagnetic (EM) radiation source. 

r01631 The 4 . Th e method of claim 1, whoroin said energy capable of driving said substance 
across the barrier can also be i s-abe-capable of modifying the barrier characteristics which 
enhance the penetration of said barrier by said substance, said energy is generated by an 
10 electromagnetic radiation source and said electromagnetic radiation is subsequently absorbed by 
an intermediate material capable of absorbing said emitted EM energy. 

[016 4 1 The 5. The method of claim K wh e r e in said energy capable of driving said substance 
across the barrier can also be is-atse-capable of modifying the barrier characteristics which 

1 5 enhance the penetration of said barrier by said substance, said energy is generated by an 

electromagnetic radiation source and said electromagnetic radiation is subsequently absorbed by 
an intermediate material capable of absorbing said emitted EM energy, said absorbed EM cause 
rapid expansion in at least a portion of said intermediate material, said rapid expansion drives 
said substance into and through the barrier, said rapid expansion also cause modification of the 

20 barrier properties, said modification enhance the delivery of said substance through the barrier. 

[01651 The _ 6. Th e m e thod of claim 1, wh e r e in said energy capable of driving said substance 
across the barrier is-abe -can also be capable of modifying the barrier characteristics which 
enhance the penetration of said barrier by said substance, said energy is generated by an 

25 electromagnetic radiation source and said electromagnetic radiation is subsequently absorbed by 
an intermediate material capable of absorbing said emitted EM energy, said absorbed EM cause 
rapid expansion in at least a portion of said intermediate material, said rapid expansion drives 
said substance into and through the barrier, said rapid expansion also cause modification of the 
barrier properties, said modification enhance the delivery of said substance through the barrier, 

30 and, 
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[0166] said EM energy is focused from the source onto the intermediate substance and said focal 
spot is scanned across the intermediate substance surface. 

[01671 The 7. Th e method of claim K wh e r e in said energy capable of driving said substance 
5 across the barrier ff^-atee -can also be capable of modifying the barrier characteristics which 
enhance the penetration of said barrier by said substance, said energy is generated by an 
electromagnetic radiation source and said electromagnetic energy is subsequently absorbed by an 
intermediate material capable of absorbing said emitted EM energy, said absorbed EM cause 
rapid expansion in at least a portion of said intermediate material, said rapid expansion drives 
10 said substance into and through the barrier, said rapid expansion also cause modification of the 
barrier properties, said modification enhance the delivery of said substance through the barrier, 
and, 

[0168] said EM energy is focused from the source onto the intermediate substance and said focal 
15 spot is scanned across the intermediate substance surface, and, scanning rate and scanning 
pattern determine the characteristics of the spatial and temporal modification of the barrier 
characteristics, and also determine the spatial and temporal driving effect on the substance being 
delivered across the barrier. 

20 r01691 The 8. Th e method of claim K wh e r e in said energy capable of driving said substance 
across the barrier is-atee -can also e capable of modifying the barrier characteristics which 
enhance the penetration of said barrier by said substance, said energy is generated by an 
electromagnetic energy source and said electromagnetic energy is subsequently absorbed by an 
intermediate material capable of absorbing said emitted EM energy, said absorbed EM cause 

25 rapid expansion in at least a portion of said intermediate material, said rapid expansion drives 
said substance into and through the barrier, said rapid expansion also cause modification of the 
barrier properties, said modification enhance the delivery of said substance through the barrier, 
and, 

30 [0170] said EM energy is focused from the source onto the intermediate substance and said focal 
spot is scanned across the intermediate substance surface, and, scanning rate and scanning 
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pattern determine the characteristics of the spatial and temporal modification of the barrier 
characteristics, and also determine the spatial and temporal driving effect on the substance being 
delivered across the barrier, and, 

5 [0171] said intermediate medium is shaped so when it interacts with said EM energy, said 
interaction enhances the modification of the barrier to allow better deUvery of said substance 
across the barrier, and said interaction also enhances the driving and delivery of substance across 
the barrier. 

10 [01721 It is fiirther contemplated that a 9. INDEP A device for enhancing the transport of a 
substance across a barrier, the device can comprise comprising : 

[0173] a dispenser for applying the substance to be transported to the barrier surface, an energy 
source, a conduit capable of directing energy fi-om the energy source to said barrier^s surface 
1 5 leading to enhancement of the delivery of said applied substance across said surface barrier. 

[017 4 ] 10. Th e devic e of claim 1, wherein said lnjhat circumstance, the energy capable of 
driving said substance across the barrier is-al^ can also be capable of modifying the barrier 
characteristics which enhance the penetration of said barrier by said substance. 

20 

[0175] 1 1 . The devic e of claim 1. wh e r e in said The energy enhancing the delivery of said 
substance across a barrier 4s-ate ecan also be capable of modifying the barrier characteristics so 
that said modifications enhance the penetration of said barrier by said substance, wherein said 
energy is generated by an electromagnetic (EM) energy source. 

25 

[0176] 12. Th e d e vic e of claim h wh e r e in said The energy enhancing the delivery of said 
substance across a barrier can also be i s-else-capable of modifying the barrier characteristics so 
that said modifications enhance the penetration of said barrier by said substance, wherein said 
energy is generated by an electromagnetic (EM) energy source, and wherein said 
30 electromagnetic energy is subsequently absorbed by an intermediate material capable of 
absorbing said emitted EM energy. 
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rOI771 13. The d e vic o of claim 1. wh e r e in said The energy enhancing the delivery of said 
substance across a barrier can also be i s-alse-capahle of modifying the barrier characteristics so 
that said modifications enhance the penetration of said barrier by said substance, wherein said 
5 energy is generated by an electromagnetic (EM) energy source, and wherein said 

electromagnetic energy is subsequently absorbed by an intermediate material capable of 
absorbing said emitted EM energy, said absorbed EM energy causes rapid expansion in at least a 
portion of said intermediate material, said rapid expansion drives said substance into the barrier, 
said rapid expansion also cause modification of the barrier properties, wherein said effects of 
10 modification and driving of substance enhance the delivery of said substance through the barrier. 

[01781 1 4 , Th e devic e of claim 1. wh e r e in said The energy enhancing the delivery of said 
substance across a barrier can also be is-alse capable of modifying the barrier characteristics so 
that said modifications enhance the penetration of said barrier by said substance, wherein said 
energy is generated by an electromagnetic (EM) energy source, and wherein said 
electromagnetic energy is subsequently absorbed by an intermediate material capable of 
absorbing said emitted EM energy, said absorbed EM energy causes rapid expansion in at least a 
portion of said intermediate material, said rapid expansion drives said substance into the barrier, 
said rapid expansion also cause modification of the barrier properties, wherein said effects of 
modification and driving of substance enhance the delivery of said substance through the barrier, 
and, wherein, said source EM energy is focused onto the intermediate substance while said focal 
spot is scanned across the intermediate substance surface. 

[01791 15. Th e d e vice of claim 1, wh e r e in said The energy enhancing the delivery of said 
25 substance across a barrier can also be ts-atse-canable of modifying the barrier characteristics so 
that said modifications enhance the penetration of said barrier by said substance, wherein said 
energy is generated by an electromagnetic (EM) energy source, and wherein said 
electromagnetic energy is subsequently absorbed by an intermediate material capable of 
absorbing said emitted EM energy, said absorbed EM energy causes rapid expansion in at least a 
30 portion of said intermediate material, said rapid expansion drives said substance into the barrier, 
said rapid expansion also cause modification of the barrier properties, wherein said effects of 
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modification and driving of substance enhance the delivery of said substance through the barrier, 
and, wherein, said source EM energy is focused onto the intermediate substance while said focal 
spot is scanned across the intermediate substance surface, wherein scanning rate and scanning 
pattem determine the characteristics of the spatial and temporal modification of the barrier 
5 characteristics, and also determine the spatial and temporal driving effect on the substance being 
delivered across the barrier. 

[01801 16. Th e d e vice of claim 1, wher e in said The energy enhancing the delivery of said 
substance across a barrier can also be_t s-atse-capable of modifying the barrier characteristics so 

10 that said modifications enhance the penetration of said barrier by said substance, wherein said 
energy is generated by an electromagnetic (EM) energy source, and wherein said 
electromagnetic energy is subsequently absorbed by an intermediate material capable of 
absorbing said emitted EM energy, said absorbed EM energy causes rapid expansion in at least a 
portion of said intermediate material, said rapid expansion drives said substance into the barrier, 

1 5 said rapid expansion also cause modification of the barrier properties, wherein said effects of 
modification and driving of substance enhance the delivery of said substance through the barrier, 
and, wherein, said source EM energy is focused onto the intermediate substance while said focal 
spot is scanned across the intermediate substance surface, wherein scanning rate and scanning 
pattem determine the characteristics of the spatial and temporal modification of the barrier 

20 characteristics, and also determine the spatial and temporal driving effect on the substance being 
delivered across the barrier, and, wherein, 

[0181] said intermediate mediimi is shaped so when it interacts with said EM energy, said 
interaction enhances the modification of the barrier to allow better delivery of said substance 
25 across the barrier, and said interaction also enhances the driving of said substance across the 
barrier. 

It is still further cont em plated that a 17. INDEP A device for enhancing the transport of a 
substance across a barrier, the device comprising can comprise: 

30 

[0182] a dispenser for applying the substance to be transported to the barrier surface, a 
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continuous wave electromagnetic energy source, a conduit capable of directing and scanning said 
electromagnetic energy from the EM energy source to said barrier's surface and moving it about 
said barrier surface thus leading to enhancement of the delivery and transport of said applied 
substance across said barrier. 

5 

[01831 18. Th e devic e of claim 17 wh e r e in said in that circumstance, the energy from the EM 
energy source is focused onto an intermediate material comprised of at least two distinct 
surfaces, a first surface containing at least some high absorbing substance capable of absorbing 
at least some of said source energy and facing the energy source and, 

10 

[018 4 ] a second surface made of peeks and troughs, said peaks form the "legs" which make 
contact with the surface of the barrier across which the substance is to be delivery, while the 
troughs contain the substance to be delivered and wherein the energy from the beam of EM 
energy source is scanned across the high absorbing substance surface generating rapid expansion 
15 in said high absorbing substance surface which drives the substance within each trough below 
said high absorbing surface into the barrier. 

[01851 19. Th e d e vice of claim 18 wh e r e in said The sources energy per unit area at the high 
absorbing substance can be t s-at least 10^ W/CM^ and a dwell time of on the order of 0.1 sec to 
20 0.01 seconds^T 

[0186] 20. Th e d e vic e of claim 18 wh e r e in said sourc e s e n e rgy p e r unit ar e a at th e high 
absorbing substanc e is at least 10"* W/CM^ and a dwell time of on the order of 1 ms to 0.1 ms, or 

25 

[0 1 87] 2 1 . The d e vic e of claim 1 8 wh e r e in said sources en e rgy p e r unit area at th e high 
ab s orbing substanc e is at least 10^ W/CM to 10^ W/CM^ and a dwell time of on the order of 0.01 
ms to 0.01 microsecond. 

30 [0188] At power density of about 1 0"^ W/cm^, light interaction with matter begins to generate 
plasma and the interaction changes its characteristics. Characterization according to power 
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density is therefore indicative of the type of interaction one may expect. Fluence level increase 
causes the intensity of the effect to change. For example, explosive ablation explosive events at a 
given plasma dominated regime will become more intense. {¥f^ Additionally, researcher used 
"thermal relaxation times" as a parameter for characterizing tissue effects according to a physical 
5 effect known as "thermal confinement". The terms thermal relaxation time in this context really 
refer to the time it takes heat to travel outside of its optical deposition zone. This suggests that if 
heat is unable to diffuse out of the optical deposition zone, then the interaction is thermally 
confined. This was a source of some confiision since, of course, this assumes thermal energy 
removal by explosive/ablative events. 

10 

[0189] It is interesting to compare the characteristic Fluence (F) and Power densities (Pp) of two 
dominating lasers in cutaneous lasers surgery, the CO2 and the Er: YAG. In the case of CO2 
operating at, for example, 40^W and depositing its energy over an area 200 ^m^ within 1 ms 
Pp «1 0^ W/cm^ and a fluence of F ^ OJ/cm^. 

15 

[0190] On the other hand, an Er: YAG laser with pulse duration of 250 fis and fluence of 
F =40J/cm^ would result in Power density of Pp ^ lO'^W/cm^. 

[0191] The degree of thermal damage induced by these two lasers is still different because the 
20 water absorption of Er: YAG is about 1 0 times higher then that of the CO2 and this normal mode 
laser in truth emits a train of short spiked ^s pulses within the 250 /xs envelop. However, from 
the above analysis based on power density, fluence and interaction time, one can see why 
thermal damage can be confined with both systems. 

25 [0192] TSC utilizes laser sources that ranges in power from LW to 40 W. 

[0193] If a spot size of 1 mm- 100 fim spot size is used, power densities, Pp, range from: 

[0191] Pp=10^ W/cm^ at LW to 4 10^ W/cm^ at 4^W and to 4 lO"^ wW at 40 W. 

30 

[0195] If a smaller spot size is used (for example 0.1 mm-0.1 nmi) then all the above values are 
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increased by a factor of 1 0 and range from: 

[0196] lOVW at IW to 4 lO^W/cm^ at 40^W, 

5 f04-97]-Fluence levels of the TSC depends on the dwell time and thus on the scan rates, and are 
given by: 

F=P/(27?,lxy) 

10 [01981 Wh e r e where P is the source's power level, t/x is the x-direction scaiming frequency, Ix is 
the length of the scan in the x-direction, and y- is the spot size in the y-direction. 

[0199] For a 1 W and 40W energy source and a spot size of 1 mm*0.1 mm, and with lx=l cm and 
y=l mm this corresponds to fluence levels outlined in Table 1 : 

15 
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[0200] The numbers given by the above analysis clearly demonstrate the tremendous versatility 
of TSC which can generate the same power densities, fluence level ranges of the Er:YAG and 
CO2 with very similar tissue effects. 

5 [0201] The analysis above provides two additional points of insight into applications of the TSC 
device. The BuffLight CLT applied to a skin surface of (6 nmi)^ and with average power of 40 
W for a time duration of 100 ms, would provide the skin with a fluence of approximately 10 
J/cm^. Fluence ranging from 5J/cm^ to 30 J/cm^ (i.e. irradiation times of 50 ms to 300 ms, are 
effective for hair removal. In addition, a fluence of 10 J/cm^ applied to a HAS penetrating the 
10 skin to a depth of 100 [im to 300 /xm, will raise the temperature of that volume to by 250° C. to 
80° C. Such high yet localized temperature increases have significant applications in the 
modulation of skin conditions as will be discussed later. 

[0202] Since HAS can create a controlled optical energy deposition at the surface of the targeted 
15 skin, the subsequence interaction is highly controlled by the temporal and spatial condition 

created by the system. In the case of TSC, the amount of energy is highly controlled by several 
parameters: 

[0203] 1. The-the power output of the energy source;^7 

20 

[020 4 ] 2. the The-spatial extent of the energy distribution at the optical-to-thermal converting 
surfacei^T 

[0205] 3. the.Th€-energy distribution at the optical-to-thermal converting surface;^T 

25 

[0206] 4. the The-time-dependence of the above energy distribution profile at the surface;_-and 

[0207] 5. the The-time and space characteristics of the ERS. 

30 [0208] TSC allows control over the above parameters by coordinating the power of the energy 
source, its off/on time, control of the beam spatial characteristics by manipulating optical 
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components, and control over the ERS by synchronizing its action with the power source. 

f0309]-Controlling the above parameters allows the user of TSC to create a range of effects 
ranging from highly superficial surface cell removal substantially devoid of residual thermal 
5 damage (much like a typical 250 (is Er: YAG, or microdermabrasion systems) and all the way to 
very thermal C02-like tissue modification with depth of thermal damage raging several hundreds 
microns into the dermis. These versatile capabilities were clearly demonstrated by our 
histological studies. 

10 [0210] BIBI BIBI MATTI MATTI YUV 

FIELD OF THE I^fVENTION 

[021 1] Th e pres e nt inv e ntion g e n e rally r e lat e s to a syst e m for e nhancing and improving th e 
15 transcutaneous or transd e nnal d e liv e ry of various topical substanc e s, chemicals or drugs. 

[0212] BIBI BIBI 

FIELD OF THE I^JVENTION 

20 

[0213] The pr e sent inv e ntion r e lat e s g e n e rally to th e application of e n e rgy to organic and non 
organic mat e rials, biological tissue, and mor e specifically to th e application of energy to th e skin. 

BACKGROUND OF THE IN\TOTION 

25 

[021 4 ] It is loaown in th e art to apply e l e ctromagn e tic e n e rgy to biological tissu e to eng e nd e r 
chang e s th e r e in. Sunbath c rs, for exampl e , r e gularly e xpose themselves to bright sunlight in order 
to incr e ase melanocyt e activity in th e basal lay e r of th e e pid e imis, r e sponsive to the sun's 
ultraviol e t (UV) radiation. Artificial UV sourc e s hav e b ee n cr e ated to satisfy the desir e for a 
30 "h e althy^ - looking tan in th e winter. Oth e r forms of e l e ctromagn e tic e n e rgy, laser - liglit in 

particular, ar e cun' e ntly used in a larg e rang e of th e rap e utic and cosmetic procedures, including 
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e y e surgery, hair removal, wrinkle removal, and tattoo r e moval. 

[0215] PCT publication WO 98/55035, which is incorporated herein by referenc e , d e scrib e s 
m e thods for minimizing injury to biological tissue surrounding a sit e e xpos e d to puls e s of 
5 electromagn e tic energy. 

[0216] U.S, Pat> No. 5,752,9 4 9 to Tankovich et al., which is incoiporated herein by r e f e rence, 
describes a hair removal m e thod for placing a contaminant in th e slcin, using a las e r to cr e ate 
explosions to drive the contaminant deep into hair ducts in the skin, and subs e qu e ntly h e ating the 
10 contaminant to kill biological tissu e surrounding th e contaminant. Th e rat e of appHcation of 
energy is controlled to allow cooling of th e slcin. 

[021 7] U.S. Pat. No. 5,8 1 4 ,0 4 0 to N e lson et al., which is also incorporat e d h e r e in by r e f e r e nc e , 
describ e s a m e thod for port win e stain removal, including applying a coolant to th e skin, and 
15 subsequently directing las e r radiation b e low th e cool e d ar e a. 

[0218] U.S. Pat. No. 5,810,801 'to And e rson e t al., which is also incoiporat e d h e r e in by 
r e fer e nc e , describes a m e thod for tr e ating wrinlcl e s in th e skin, including dir e cting 
electromagn e tic e n e rgy to a targ e t r e gion of th e skin, while cooling an ai'ca abov e th e targ e t 
20 region. 

SUMMARY OF THE INVENTION 

[0219] It is an obj e ct of som e asp e cts of th e pr e s e nt inv e ntion to provid e improv e d apparatus and 
25 m e thods for applying e n e rgy to a mat e rial. 

[0220] It is another obj e ct of som e asp e cts of the present invention to provid e improv e d 
apparatus and methods for r e moving h e at g e n e rat e d during application of th e en e rgy to a 
mat e rial. 

30 

[0221 ] It is another object of some asp e ct of th e pr e s e nt inv e ntion to apply the en e rgy in a 
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substantially controlled way aiid remove some of this en e rgy in a controlled way in ord e r to 
better control th e damag e to th e material and to minimiz e pain wh e n a human or animal tissue i s 
the treated target material 

5 [0222] It is a further object of some asp e cts of the pr e s e nt invention to provide improved 

apparatus and methods for r e moving h e at g e nerated during application of e l e ctromagn e tic en e rgy 
to biological tissu e , 

[0223] It is still a furth e r object of some asp e cts of the pres e nt inv e ntion to provide improv e d 
10 apparatus and m e thods for d e cr e asing pain during application of el e ctromagn e tic e n e rgy to 
biological tissu e > 

[022 4 ] It is y e t a further object of some aspects of th e pr e s e nt inv e ntion to provide improv e d 
apparatus and m e thods for p e rfomiing m e dical tr e atments, 

15 

[0225] It is also an obj e ct of some asp e cts of the pres e nt inv e ntion to provid e improv e d apparatus 
and methods for p e rforming cosm e tic tr e atm e nts, 

[0226] It is further an obj e ct of some aspects of th e present inv e ntion to provide improved 
20 apparatus and m e thods for e nabling a visible wav e length el e ctromagn e tic en e rgy sourc e to 
perform material and tissu e r e moval and modification, 

[0227] It is y e t a further obj e ct of some aspects of the present inv e ntion to provid e methods and 
apparatus for e nabUng a visibl e wavel e ngth low pow e r e l e ctromagn e tic e n e rgy sourc e to perform 
25 mat e rial and tissu e removal and modification. 

[0228] It is still a furth e r obj e ct of some asp e cts of th e pr e s e nt inv e ntion to provide methods and 
apparatus for e nabling a low power o l o ctromagn e tic e n e rgy source to perfomi material and tissue 
r e moval and modification, 

30 

[0229] It is also an obj e ct of some aspects of the pr e s e nt invention to provid e improved methods 
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and apparatus for enabling a low power olectromagnctic energy sourco to pcrfoiTn tissue r e moval 
and modification, s ubstantially without pain, while controlling th e amount of damag e to 
r e maining tissue. 

5 [0230] In preferred embodim e nts of the present invention, an energy source applies 

e l e ctromagn e tic en e rgy to tissu e of a subj e ct, pr e ferably so as to ablat e a portion th e r e of 
Th e reaft e r, some of th e h e at g e nerat e d by th e int e raction of th e e nergy with the tissue is 
r e mov e d, typically by applying a coolant or a cooling e lem e nt to th e tissu e . R e moval of th e heat 
immediately follow^ing the application of the e n e rgy generally r e duc e s th e subj e ct^s s e nsation of 
10 the h e at, and, in particular, r e duc e s any s e nsation of pain. Mor e over, heat r e moval typically 

reduc e s or e liminates collat e ral injury to tissu e surrounding the ablated area. Typically, although 
not nec e ssarily, th e tissue compris e s th e subject's skin. 

[0231] It is laiown in th e art to cool tissu e prior to or during the application of e l e ctromagn e tic 
15 e nergy to a subj e ct's skin. U.S. Pat. No. 5, 8 1 4 ,0 4 0 cit e d abov e , for e xampl e , describ e s cooling 
the e pidemiis prior to h e ating tissu e th e r e und e r, to minimiz e damag e to th e cooled tissu e . 
Similarly, U.S. Pat. No. 5,810,801 d e scrib e s cooling a first r e gion of tissu e while heating a 
s e cond r e gion of tis s u e th e rmally coupl e d thereto. Thes e e mbodim e nts of the pr e s e nt invention, 
by contrast, t e ach that cooling the tissue following the application of e l e ctromagn e tic en e rgy is 
20 generally advantag e ous. Furth e mior e , it is beli e v e d that v e ry rapid heating of a targ e t ar e a of th e 
skin, substantially unmitigat e d by any prior cooling ther e of, produces therapeutic results that are 
superior to t e chniques which cool a mass of tissu e and then apply en e rgy to a cool e d targ e t ar e a. 
In particular, it is b e li e v e d that the prior art methods that d e scrib e cooling of an upp e r tissu e 
lay e r prior to int e raction of e l e ctromagn e tic e n e rgy th e rewith g e n e rally have an advers e e ff e ct on 
25 modification and/or ablation of tissu e in th e upper layer. Notably, unlike techniqu e s as taught 
according to pr e ferr e d embodim e nts of th e pr e s e nt invention, th e s e prior art m e thods g e nerally 
ar e painfiil in th e abs e nc e of an administ e red anesthetic. 

[0232] In some prefeix e d e mbodiments of the present invention, the en e rgy source compris e s a 
30 las e r, whose b e am is mov e d in a patt e m ov e r a targ e t ar e a of th e skin. The patt e rn is mad e up of 
a sequence of passes ov e r th e tissu e , each pass d e scribing a line or cui'v e over a pred e termin e d 
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portion of th e targ e t area. Typically, the patt e rn is chos e n such that each pass is relatively distant 
from th e pr e c e ding one, so that it gen e rally does not caus e additional h e atirig of tissu e indir e ctly 
hoatod by energy from th e pr e c e ding pass. The temp e ratur e of this latter tissue decreases during 
th e succ ee ding pass, pr e f e rably to approximat e ly th e sam e t e mp e ratur e as prior to th e prec e ding 
5 pass. In som e of these pr e f e rred e mbodiments, th e las e r e n e rgy is appli e d to the skin in sets of 
passes, wh e reby a set of on e or mor e cons e cutiv e pass e s of th e la se r across th e skin is r e latively 
distant from a prec e ding set of one or more consecutive passes. The pattern is d e sign e d as 
n e c e ssary to ablat e tissu e , but minimize th e und e sir e d accumulation of heat in n e arby ti s su e . 
Preferably, utilization of a b e am pattern as describ e d r e duc e s sensations of pain, and also r e duces 
10 injury of non - targ e t e d tissu e . In som e of th e s e e mbodiirt e nts, th e tissu e is actively cool e d, 
prec e ding and/or following application of th e e n e rgy th e r e to. 

[0233] In som e pr e f e rr e d embodim e nts of the pr e sent invention, a cov e r is plac e d ov e r th e target 
ar e a, and th e e l e ctromagn e tic e n e rgy is appli e d through a window in th e cov e r. Pr e f e rably, th e 

15 cov e r e nabl e s an operator to maintain an ambient environm e nt ov e r th e targ e t ar e a having 

prop e rti e s, such a s t e mperature, pr e ssur e , and humidity, which are s e t so as to minimiz e pain or 
discomfort during a procedur e . Typically, sensors ai' e coupl e d to the cover in order to detonnine 
param e t e rs of the ambient e nvironm e nt and to g e nerat e signals responsive th e reto. A control unit 
is pr e f e rably coupled to receiv e th e signals and to actuat e various d e vic e s so as to caus e th e 

20 signals to conv e rge to d e sired valu e s. Th e d e vic e s may includ e , for e xampl e , h e ating and cooling 
elements, pr e ssur e and humidity controllers, and a substance-d e liv e ry syst e m. In a prefen- e d 
e mbodim e nt, a t e mp e ratur e s e nsor monitors skin temp e ratur e , and activ e h e ating ( e .g., using a 
laser) and cooling ar e appli e d as appropriat e to k ee p th e skin t e mp e ratur e within pr e det e nnin e d 
limits. 

25 

[0234] In a pr e ferr e d e mbodim e nt of th e pr e sent inv e ntion, th e target area compris e s two or mor e 
zones, typically concentrically arranged, and th e e l e ctromagn e tic e n e rgy sourc e appli e s a 
diff e r e nt amount of e n e rgy to on e of th e zon e s from th e amount appli e d to a s e cond on e of the 
zones. Preferably, the highest quantity of e nergy is appli e d to th e inn e rmost of the concentric 
30 zones, and succ e ssively smaller quantiti e s of en e rgy are appli e d to th e other zon e s, r e sponsiv e to 
th e ir distance from the inncnnost zone. In this manner, a smooth transition is obtained from the 
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targ e t area to tissue or mat e rial surrounding tli o targ e t ar e a. By contrast, it is known in th e art to 
use chemical or las e r treatm e nts for cosmetic purposes, such as wrinklo romoval, but th e se 
treatments ar e typically disadvantag e ous, in that th e y oft e n l e av e a region which clearly appears 
to have boon tr e ated, adjac e nt to a second region, which cl e arly has not b e en tr e at e d. For 
5 exampl e , when th e se prior ai1 m e thods aro practiced to achieve wTinkle removal in th e mustach e 
area, a patch of g e nerally wrinkle fr ee slcin maybe produc e d, but the patch is often sharply 
d e lineated from its neigliboring, still - wrinld e d skin. 

[0235] In another pr e f e rr e d embodiment of the pr e s e nt inv e ntion, the targ e t area compris e s skin, 
10 and application of the e n e rgy th e r e to caus e s por e s in th e skin to e xpand. Por e e xpansion may b e 
us e d to e nhance transd e rmal dmg delivery and/or as part of an acne treatm e nt. Alt e rnativ e ly, 
drug d e liv e ry and acn e treatm e nt ar e p e rfomi e d r e sponsiv e to th e skin's ablation, irr e sp e ctiv e of 
any por e e xpansion that may occur. 

15 [0236] In som e pr e ferred e mbodim e nts of th e pr e sent invention, a high absorption substance 

(HAS) is appli e d to th e targ e t ar e a prior to activation of th e e l e ctromagn e tic e n e rgy sourc e , so a s 
to incr e ase the absorption of e n e rgy in the targ e t ar e a. 

[0237] Th e r e is th e r e fore provided, in accordanc e with a preferr e d e mbodiment of th e pres e nt 
20 inv e ntion, a m e thod for applynig en e rgy to biological tissu e , including: dir e cting an 

e lectromagn e tic e nergy source to apply th e e n e rgy to a region of th e tissu e , so as to ablat e a 
portion of th e tissu e in th e region; and initiating cooling of tissu e in th e region subsequ e nt to th e 
ablation. In a pr e f e ir e d embodiment, initiating cooling includ e s thermo e l e ctrically cooling. 

25 [0238] In one pr e f e rr e d embodiment, directing th e e nergy source to apply the e n e rgy includ e s 
gen e rating a beam of e n e rgy having a diamet e r l e ss than about 250 microns. Furth e r pr e f e rably, 
directing the en e rgy source to apply th e e nergy includes g e n e rating a b e am of e n e rgy having a 
dw e ll tim e o ver a point in th e r e gion of l e ss than 25 ms. 

30 [0239] In a pr e ferr e d e mbodim e nt, initiating cooling includ e s applying a cool e d surface to th e 
tissu e . Preferably, applying th e cooled surface includes applying a cooled oscillating m e mb e r to 
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the tissue, which m e mb e r is in contact with th e tissue during a first phase of its oscillation and is 
not in contact with th e tissu e during a s e cond phas e of its oscillation. 



[0210] Pr e f e rably, initiating cooling includ e s applying a coolant. Furth e r pr e ferably, th e coolant 
5 includ e s a liquid and th e m e thod includ e s dir e cting a flow of a gas towards a site on the tissue 
having th e liquid appli e d th e r e to, so as to incr e a s e a rat e of evaporation of th e liquid. 

[02 4 1] to a pref e rr e d e mbodim e nt, the r e gion includ e s a first r e gion, and initiating cooling 
includ e s initiating cooling of tissue in th e first r e gion, wherein the method includ e s t e rminating 

10 cooling of th e tissu e in th e first region subs e qu e nt to initiating th e cooling th e r e of, and wh e r e in 
the m e thod includ e s dir e cting th e source to apply e n e rgy to a s e cond r e gion of th e tissu e so as to 
ablat e a portion of th e tissue in th e s e cond r e gion subs e qu e nt to th e initiation of cooling of th e 
tissue in the first region. Alt e rnatively or additionally, dir e cting the sourc e to apply th e e nergy to 
the s e cond r e gion includes dir e cting the sourc e prior to th e t e nnination of th e cooling of the 

15 tissue in the first r e gion, 

[02 4 2] In a prefeir e d e mbodim e nt, the r e gion includ e s a first region, and ablating th e portion 
includ e s ablating tissu e to a first ablation d e pth in the first r e gion. In this embodiment, th e 
method includes directing th e e l e ctromagnetic en e rgy sourc e to apply e nergy to a s e cond region 
20 of the tissue adjac e nt to the first region, so as to ablat e tissu e in th e s e cond r e gion to a s e cond 
ablation depth, small e r than th e first ablation depth. Typically, directing the source to apply 
energy to the s e cond r e gion includ e s smoothing th e app e aranc e of a bord e r region b e twe e n th e 
first r e gion and an untreated region of the tissu e . 

25 [02 4 3] Pr e f e rably, the tissu e includ e s skin, and the en e rgy is applied so as to reduc e a wrinkl e in 
th e slcin and/or to d e cr e ase th e siz e of a skin lesion. Alt e rnatively or additionally, appl>ing the 
e nergy includes expanding a pore of the skin, and, optionally, delivering a pharmac e utical 
product through th e expand e d por e . 

30 [02 44 ] In a pr e f e rr e d embodim e nt, th e method includ e s applying a pharmac e utical product to th e 
tissue. Typically, applying the product includes applying an an e sth e tic and/or an antibiotic. 
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[0245] Pr e ferably, applying th e energy to th e r e gion of the tissue includ e s placing a mat e rial on 
tho tissue to increas e the absorption into the tissue of energy applied by th e sourc e . Furth e r 
preferably, th e mat e rial includ e s a substance charact e riz e d by high absorb e ncy of e n e rgy of a 
5 wavelength g e n e rat e d by the sourc e . Still further preferably, th o e n e rgy source includ e s a C02 
laser. Alternativ e ly or additionally, th e output of th e energy sourc e is l e ss than about 5 W. 

[02 4 6] In a pr e ferred e mbodim e nt, th e el e ctromagn e tic e nergy sourc e includ e s a broadband 
emission lamp. Alternatively or additionally, th e e l e ctromagnetic energy source includes a laser, 
10 typically a C02 laser, an Er: YAG las e r, a microchip las e r, and/or a diod e las e r. Pr e f e rably, th e 
diod e laser has a power output of l e ss than about 500 mW. 

[02 4 7] Pref e rably, th e m e thod includes actively warming cool e d tissu e responsiv e to the cooling, 
so as to d e cr e as e injury of the cool e d tissu e . Typically, warming includ e s s e nsing a t e mp e ratur e 

15 of the tissu e and wanning th e tissu e r e sponsive thereto. In a pr e f e rr e d e mbodim e nt, wanning 
includ e s appl>ing a h e at e d ga s to the tissu e . Alternativ e ly or additionally, warming th e tissu e 
includes thermoelectrically wanning th e tissu e , and initiating cooling includes th e rmo e l e ctrically 
cooling th e tissu e . Further alt e rnativ e ly or additionally, wanning includ e s applying a h e at e d 
surface to th e tissu e . In a pr e f e rr e d embodim e nt, wanning th e tissu e includ e s dir e cting th e en e rgy 

20 sourc e to apply additional e n e rgy to th e cool e d tissu e , which additional e n e rgy substantially do e s 
not cause ablation. Typically, applying the additional energy includ e s e nlarging a b e am diam e ter 
of th e e nergy sourc e from a first diamet e r, us e d for ablating tissu e , to a s e cond diam e t e r, us e d for 
wanning tissu e . 

25 [0248] There is furth e r provided, in accordance w^ith a prefen-ed e mbodim e nt of th e pr e s e nt 
invention, a m e thod for applying e n e rgy to biological tissu e , including: dir e cting an 
electromagn e tic e nergy source to apply e n e rgy along a first path on th e tissu e , so as to ablat e 
tissue in th e path; 

30 [02 4 9] dir e cting th e sourc e to apply en e rgy along a second path on th e tissue, r e lativ e ly distant 
from the first path, so as to ablat e tissue in the s e cond path, while allowing coohng of ti s su e 
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adjac o nt to the first path hoatcd by diffusion due to applying the e nergy to the first path; and 



[0250] dir e cting th e source to apply e n e rgy along a third path on the tissue, closer to the first 
path than to th e s e cond path, so as to ablat e tissu e th e r e in, 

5 

[0251] Pr e ferably, applying the en e rgy along th e first path includes placing a mat e rial on th e 
tissu e to incr e ase the absorption into the tissu e of e n e rgy applied by the sourc e . Further 
preferably, th e mat e rial includ e s a substance charact e rized by high absorb e ncy of e n e rgy of a 
wav e l e ngth generat e d by the sourc e . 

10 

[0252] In a prefen'ed embodiment, the method includ e s actively cooling tissue in a vicinity of the 
first path. Pr e ferably, activ e ly cooling includ e s initiating th e active cooling subs e qu e nt to 
ablation of th e tissu e in the first path. Alt e rnatively or additionally, activ e ly cooling includes 
applying a coolant in the vicinity of th e first path. Furth e r alt e rnativ e ly or additionally, activ e ly 

15 cooling includes themioclectrically cooling. Still further alternativ e ly or additionally, activ e ly 
cooling includes applymg a cool e d surfac e to th e tissue in th e vicinity of th e first path. Typically, 
applying the cool e d surfac e includ e s applying a cool e d oscillating memb e r to th e tissue in the 
vicinity of th e first path, which m e mber is substantially not in contact with th e tissu e in th e 
vicinity of th e first path during a first phas e of its oscillation and is in contact with th e tissu e in 

20 th e vicinity of th e first path during a s e cond phas e of its oscillation. Dir e cting th e 

electromagn e tic e nergy source to apply en e rgy along the first path on th e tissue generally 
includes dir e cting th e sourc e during th e first phase. 

[0253] hi a pref e rr e d e mbodim e nt, th e m e thod includ e s applying a pharmac e utical product in a 
25 vicinity of the first path. 

[025 4 ] Th e r e is still further provid e d, in accordance with a pr e f e ir e d e mbodiment of th e pr e s e nt 
inv e ntion, a method for applying e n e rgy to biological tissue, including: 

30 [0255] placing a cover on the tis s u e , and 
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[0256] dirocting q beam of e l e ctromagnetic oncrgy througli the cover to imping e on th e tissue, so 
as to ablate a portion th e r e of 



[0257] Pref e rably, th e cover includes a window, through which th e e n e rgy beam pass e s. 

5 

[0258] Furth e r pr e f e rably, placing th e cov e r on th e tissue r e duces stimulation of n e rv e s th e r e in. 
Typically, plac e m e nt of the cov e r d e fines a volume of an int e nn e diat e substanc e , b e twe e n th e 
cover and th e tissu e , and r e ducing stimulation includes maintaining a desir e d charact e ristic of th e 
int e rm e diat e substanc e . Th e substanc e may include air and/or a liquid. In a pr e f e rr e d 
10 e mbodim e nt, the charact e ristic includ e s a t e mp e ratur e , a pr e ssur e , and/or humidity. 

[0259] Th e r e is y e t further provid e d, in accordanc e with a pr e f e rr e d embodim e nt of the pr ese nt 
inv e ntion, a method for applying e n e rgy to biological tissue of a subj e ct, including: 

15 [0260] directing an electromagn e tic e n e rgy sourc e to apply th e e n e rgy to a region of th e tissu e , 
so as to ablat e a portion of th e tissue in th e r e gion; 

[0261] applying a liquid coolant to th e tissue; and 

20 [0262] directing a flow of a gas towards the tissue, so as to increas e a rate of evaporation of th e 
liquid coolant. 

[0263] Topically, th e gas is dir e ct e d to the tissue so as to r e duc e a p e rc e ption of discomfort by 
the subj e ct r e sponsiv e to th e coolant. 

25 

[026^] Th e r e is also provid e d, in accordanc e with a pref e rr e d e mbodim e nt of th e pr e s e nt 
inv e ntion, apparatus for applying energy to biological tissu e , including: 

[0265] an e lectromagn e tic e n e rgy sourc e , directed to apply th e e n e rgy to a r e gion of the tissu e , so 
30 as to ablato a portion of th e tissu e in th e r e gion; and 
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[0266] a cooling unit, which initiat e s cooling of tissue in th e r e gion subs e quent to the ablation. 

[0267] In a proforrod embodim e nt, the cooling unit includes a thermool o ctric cooling unit. 

5 [0268] Alternativ e ly or additionally, the apparatus includes a phamaacoutical delivery unit, 
containing aphamiaceutical product for application to the tissu e in a vicinity of th e ablat e d 
portion. 

[0269] Further altemativ e ly or additionally, the apparatus includ e s a h e ating unit, which h e ats 
10 tissu e cool e d by th e cooling unit, so as to d e cr e a se injury of th e cool e d tissu e . Pr e f e rably, the 

apparatus includes a t e mperatur e sensor, which g e n e rat e s a signal r e sponsiv e to' a t e mp e ratur e of 
th e tissu e , wherein th e h e ating unit h e ats th e tissu e responsiv e to th e signal. In a pr e f e rr e d 
e mbodim e nt, th e h e ating unit includes a thermo e lectric elem e nt, through which e lem e nt cun' e nt 
is driv e n in a first direction so as to h e at th e tissue. Pr e f e rably, th e cooling unit driv e s curr e nt 
15 through th e th e rmoelectric el e m e nt in a s e cond direction so as to cool th e tissu e . Alt e mativ e ly or 
additionally, th e h e ating unit includ e s a h e ated surface which is appli e d to th e tissu e . 

[0270] Th e r e is additionally provid e d, in accordanc e with a pr e f e rr e d e mbodim e nt of th e pres e nt 
inv e ntion, apparatu s for applying e n e rgy to biological tissue, including: 

20 

[0271] an e l e ctromagn e tic e n e rgy sourc e , which applies energy to the tissue; and 

[0272] a b e am scann e r, which dir e cts th e energy from the source along a plurality of paths on the 
tissu e , including (a) a first path, so as to ablat e tissu e in the first path, (b) a second path, 
25 r e lativ e ly distant from the first path, so as to ablate tissue in the second path, whil e allowing 
cooling of tissu e adjac e nt to th e first path h e ated by diffusion du e to applying the e n e rgy to th e 
first path, and (c) a third path, clos e r to th e first path than to the s e cond path, so as to ablat e 
tissu e in th e third path. 

30 [0273] Th e r e is y e t additionally provid e d, in accordanc e with a pr e ferr e d embodhn e nt of th e 
present inv e ntion, apparatus for applying energy to biological tissue, including: 
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[027 4 ] a cover, plac e d on th e tissu e ; and 

[0275] an e l e ctromagn e tic en e rgy sourc e , which dir e cts a b e am of e n e rgy through th e cover to 
5 impinge on th e tissu e , so as to ablate a portion ther e of. 

[0276] Preferably, th e apparatus includ e s a phannaccutical r e s e rvoir, containing a 
pharmac e utical product for application to the tissue. 

10 [0277] Th e r e is also provid e d, in accordanc e with a pr e f e rr e d e mbodiment of th e pres e nt 
invention, apparatus for applying e n e rgy to biological tissu e of a subj e ct, including: 

[0278] an electromagn e tic e nergy sourc e , dir e ct e d to apply th e en e rgy to a r e gion of th e tissu e , so 
as to ablat e a portion of th e tissu e in th e r e gion; and 

15 

[0279] a cooling unit, which apphes a hquid coolant to th e tissu e and dir e cts a flow of a gas 
towai'ds th e tissu e , so as to incr e ase a rate of evaporation of th e liquid coolant. 

[0280] Preferably, th e cooling unit directs th e gas to the tissue so as to reduce a perc e ption of 
20 discomfort by th e subj e ct responsiv e to th e coolant. 

[0281] Th e r e is additionally pro vid e d, in accordanc e w^ith a pref e rr e d e mbodim e nt of th e pr e s e nt 
inv e ntion, apparatus for applying e n e rgy to biological tissue, including: 

25 [0282] An e n e rgy sourc e , 

[0283] A substance capabl e of absorbing said energy source 

[0284] Said substanc e also capable of conducting th e absorbed energy to a targ e t mat e rial 

30 

[0285] An element capable of REMOVING the e n e rgy fi'om said absorbing mat e rial 
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[0286] The pr o s o nt inv e ntion will b e mor e fully und e rstood from th e following d e tail e d 
description of the pref e rr e d e mbodim e nts th e r e of, takon together with th e drawings, in which: 

5 BRIEF DESCRIPTION OF THE DRi\WINGS 

[0287] FIG, 1 . 1 is a simplified pictorial illustration show^ing an apparatus for modifying a targ e t 
mat e rial, in accordanc e with a pr e f e rr e d e mbodiment of th e pr e s e nt inv e ntion. 

10 [0288] FIG. 1 .2 is a graphic illustration of an e x e mplary intermediar>^ e n e rgy absorbing mat e rial 
that can b e mount e d on two revolving mounts d e sign e d to advance th e interm e diat e mat e rial 
following e ach us e . 

[0289] FIG. 1 .2.1 is a graphic illustration of an ex e mplary int e rm e diary e n e rgy absorbing 
15 mat e rial that can be mount e d on two r e volvmg mounts d e sign e d to advance th e int e miediate 

mat e rial following e ach us e . Th e photograph also illustrat e s th e handpi e c e containing the e n e rgy 
source and the energy removing compon e nt. The cylindrical bottl e contains the e n e rgy r e moving 
substanc e or coolant. 

20 [0290] FIG. 1.2.2 is a photograph illustrating an e x e mplary int e rm e diary e nergy absorbing 
material that can be mount e d on two revolving mounts d e sign e d to advance th e int e nn e diat e 
mat e rial following each us e . Th e photograph also illustrat e s th e handpi e ce containing th e e nergy 
source and the energy r e moving component. Th e cylindrical bottl e contains th e e nergy removing 
substanc e 1 4 8 or coolant. The red dot on the int e rm e diate mat e rial is th e b e am of e n e rgy b e ing 

25 absorb e d by the interm e diat e material. The larger consol 1 4 9 contains the electronics and control 
allowing synchronization of th e energy source and e n e rgy removal e lement. 

[0291] FIG. 1.3 shows a h e ater e mb e dd e d in th e interm e diat e mat e rial The En e rgy r e moval 
source is eith e r acting througli the intemediate m e dium or is external to the int e nn e diat e 
30 m e dium (IM) and eff e ct e n e rgy r e moval. The en e rgy removal can also act dir e ctl>^ on the targ e t 
mat e rial. 
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[0292] FIG. 1 A shows a h e at e r emb e dd e d in tho int e rm e diat e matorial. Tho Energy r e moval 
source is also embedd e d in th e int e rm e diate material and consist of a coolant coming from a 
coolant r e s e i-voir and circulating in a tub e in contact with th e intcnn e diat e mat e rial, thu s capabl e 
5 of cooling the intennediatc material. 

[0293] FIG. 1 .5 by cr e ating cuts in the intermediate mat e rial and creating an alt e rnating series of 
HCM isolat e d, on e can cr e ate a seri e s of s e lect e d bum. Alternativ e ly, on e can have th e ENTIRE 
intermediat e material made of HCM, whil e only a certain region cov e red with HAS. This will 
10 ensur e sel e ctive heating while unifomi coolmg. 

[0291] FIG. 1.6 int e mi e diary e n e rgy absorbing mat e rial can b e mount e d on a r e volving disk. 

[0295] FIG. 1 .7 is a h e at e r cooling combination where th e cooling cools both the targ e t tissu e 
15 and th e energy source during operation of th e e n e rgy source. 

[0296] FIG. 1 A is a sunplifi e d pictorial illustration of an apparatus for modifying and r e moval 
material and biological tissu e , in accordance with a pr e f e rr e d e mbodim e nt of th e pr e s e nt 
invention. 

20 

[0297] FIG. IB is a simphfied pictorial illu s tration of an exemplary pattern for d e positing High 
Absorption Substanc e (HAS) on th e int e rm e diat e mat e rial of th e apparatus for modifying 
mat e rial and removal of biological tissue, in accordance with a pr e ferred embodim e nt of th e 
pr e s e nt inv e ntion. 

25 

[0298] FIG. 1 C illustrat e s the patt e rn and dir e ction of h e at diffusion following the e n e rgy 
deposition in th e patt e rn of HAS of FIG. IB. 

[0299] FIG. ID illustrates an ex e mplary pattem for High absorbing substanc e plac e d on th e 
30 int e rmediat e mat e rial. 
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[0300] FIG> IE illustrates th e e xt e nt of thennal diffusion of tho en e rgy in th e targ e t mat e rial in 
r e spons e to tho e n e rgy deposition in th e high absorbing substanc e patt e rn in the int e rmediat e 
material as shown in FIG. IB, 

5 [0301] FIG, IF illustrates an e xemplary patt e rn for High absorbing substance placed on the 
interm e diat e material and the corr e sponding th e rmal energy deposition in th e targ e t mat e rial. 

[0302] FIG. 2A is a sunplifi e d pictorial illustration showing an apparatus for modifying a targ e t 
material, in accordance with a pr e f e rr e d e mbodim e nt of the present inv e ntion. 

10 

[0303] FIG. 2B is a simplifi e d pictorial illustration showing an apparatus for modifying a targ e t 
mat e rial, allowing th e int e rm e diat e mat e rial to b e lift e d to allow e n e rgy r e moval dir e ctly from 
th e targ e t mat e rial. 

15 [030 4 ] FIG. 3A is a simplifi e d pictorial illustration showing an apparatus for modifying a targ e t 
material. 

[0305] FIG. 3B is a simplifi e d pictorial illustration of possibl e patt e rns and shap e s of th e higli 
e nergy absorbing substanc e . 

20 

[0306] FIG. 3C is a simpHfi e d pictorial illustration showing additional possible patterns and 
shap e s of the high e nergy absorbing substanc e . 

[0307] FIG. 4 is a simphfi e d pictorial illustration showing an e x e mplary device for mat e rial 
25 r e moval and modification and the device related controls. 

[0308] FIG. 5 is a simplifi e d pictorial illustration showing in gr e at e r d e tails an exemplary control 
box for th e d e vic e for mat e rial r e moval and modification. 

30 [0309] FIG. 6 is a simplifi e d pictorial illustradon showing in gr e at e r details an e x e mplary d e vic e 
for material r e moval and modification. 
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[0310] FIG. 7 A is a simplified pictorial illustration showing an exemplary method for mat o rial 
removal and modification using a stationoi'y b e am method. 



5 [031 1] F1G> 7B is a simplified pictorial illustration showing an e x e mplary method for material 
removal and modification using a moving beam m e thod. 

[0312] FIG. 7C is a simphfied pictorial illustration showing an e x e mplary method for mat e rial 
removal and modification using a broad b e am m e thod. 

10 

[0313] FIG. 7D is a photograph showing an e xemplary cap with an exemplary int e im e diate 
mat e rial us e d in a d e vic e for mat e rial r e moval and modification. 

[031 4 ] FIG. 7E is a photograph showing an e xemplary cap with an e x e mplar}^ int e nn e diat e 
15 material mounted on a box containing th e e nergy source and energy r e moval el e m e nt used in a 
device for material r e moval and modification. 



[0315] FIG. 7F is a simplifi e d pictorial illustration showing a tim e - s e qu e nc e of e n e rgy 
d e position, e nergy removal and additional energy d e position as practic e d by a pr e f e rr e d 
20 e mbodim e nt of th e pr e s e nt inv e ntion. 

[0316] FIG. 8 is a simplifi e d pictorial illustration showing th e m e thod of p ee ling interm e diat e 
mat e rial used in the present inv e ntion for target mat e rial r e moval and modification. 

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[03 17] FIG. 1 . 1 is a simphfi e d pictorial illustration showing an apparatus 22 for modifying a 
targ e t material, in accordance with a pr e ferr e d e mbodim e nt of th e pr e sent inv e ntion. Apparatus 
22 compri s es an energy source 32, which d e liv e rs energy to a targ e t mat e rial 62, so as to r e mov e 
30 or modify a lay e r of the targ e t mat e rial. The apparatus consist of an e n e rgy source 32, an e n e rgy 
coupling clement 52 coupling the source of energy to th e targ e t mat e rial, and an en e rgy 
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removing e lem e nt 72. Pref e rably, th e e nergy romoving e l e ment is coupl e d to th e e n e rgy sourc e 
so that th e e nergy deposition and e n e rgy r e moval arc s>iichronized. 

[0318] iMt e mativ e ly, in anoth e r preferr e d e mbodim e nt, an int e rm e diat e mat e rial made of 
5 theiTnally conducting mat e rial (for example, Aluminum) is patt e rn e d to so that h e ating occurs 
only in on e ar e a. That h e at trav e ls v e ry fast to all oth e r locations and so that heat travels along 
conduits to sp e cific areas for h e ating and modification of the targ e t material and th e n cooling 
quicldy r e mov e s th e h e at from the targ e t. The high absorbing substance on an int e miediat e 
conducting material can indicate how d e ep th e thennal e ffect in th e targ e t mat e rial has r e ach e d 

10 

[03 19] In another preferred embodim e nt, th e en e rgy source beam can rotated along a circl e made 
of spots of high absorbing substanc e . Much lik e a drum gun th e b e am is shift e d e ach time it fir e s. 
This w e can allow the user, a pr e cis e , pred e termined number of us e s and no more. Once th e high 
absorbing substanc e on th e spots in th e circle is consum e d no fiirth e r interaction can occur. This 
15 is illustrated in FIG. 1 A. 

[0320] In anodier pr e ferred embodiment, th e en e rgy int e nrt e diary absorbing mat e rial can b e 
mount e d on two count e r r e volving mount s as shown in FIG. L2, which can b e adjust e d ( e ith e r 
manually or automatically) to r e plac e th e high absorbing substance as it is being consum e d by 

20 th e int e raction. Her e th e attachm e nt 1 16, attach e d to th e output port in the handpiec e , consists of 
two rotating mounts 1 26, w^hich ar e both rotaring in the same sense in ord e r to advance a film of 
high absorbing substanc e 156. Th e High absorbing substanc e is d e posit e d in "fi-ames" 136 which 
are deposit e d on the fihn band 1 56 which is th e n advanc e d fram e by fi-ain e to plac e a fresh frame 
b e for e e ach new area tr e atm e nt. Th e spot 1 4 6 repr e s e nt an e xemplary e nergy beam fi-om a light 

25 sourc e int e racfing with the high absorbancc substance. 

[0321] FIG. 1.1 is a simplifi e d pictorial illustrafion showing an apparatus 22 for modifying a 
targ e t mat e rial, in accordanc e with a pr e f e rr e d e mbodim e nt of th e present inv e ntion. Apparatus 
22 compris e s an e nergy sourc e 32, which d e liv e rs e nergy to a targ e t material 62, so as to r e mov e 
30 or modify a layer of th e targ e t mat e rial. Th e apparatus consist of an e nergy source 32, an e n e rgy 
coupling e l e ment 52 coupling th e source of energy to the targ e t material, and an energy 
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removing e l e m e nt 72. Pr e f e rably, th e enorgy removing elomcnt is coupled to the energy source 
so that th e en e rgy deposition and e nergy r e moval ar e synchroniz e d. 



[0322] Alternatively, in anoth e r pr e f e rr e d embodim e nt, an int e rm e diat e mat e rial mad e of 
5 theimally conducting material (for example, Aluminum) is patt e rn e d so that h e ating occurs only 
in on e ar e a. Th e h e at trav e ls rapidly to all other designat e d locations along th e manufactur e r - 
design e d th e rmal conduits to sp e cific ar e as for heating and modification of the target mat e rial. 
Controll e d cooHng is then activated and quickly r e mov e s th e h e at from th e targ e t. A high 
absorbing substance on an int e mi e diat e conducting mat e rial can control how d e ep the th e rmal 
10 e ff e ct in the targ e t material has r e ach e d 

[0323] hi anoth e r pref e rr e d embodim e nt, th e e n e rgy sourc e beam can b e rotat e d along a circle 
mad e of spots of high absorbing substance. Much lik e a drum gun, the beam is shift e d each tim e 
it fir e s. This w e can allow the us e r, a pr e cise, pr e det e rmin e d number of us e s and no more. Once 
15 th e higli absorbing substanc e on th e spots in the circl e is consum e d no farth e r interaction can 
occur. This is illustrat e d in FIG. 1 A. 

[032 4 ] In anoth e r pr e f e rr e d e mbodim e nt, the int e rm e diary en e rgy absorbing mat e rial can be 
mounted on two counter - revolving mount s as shown in FIG. 1.2, which can b e adjust e d (eith e r 

20 manually or automatically) to replac e the high absorbing substanc e as it is b e ing consum e d by 
th e interaction. H e r e th e attachm e nt 1 16, attached to die output port in the handpi e c e , consists of 
two rotating mounts 126, which or e both rotating in th e sam e s e nse in order to advanc e a film of 
high absorbing s ubstance 156. Th e High absorbing substance is d e posit e d in "fi^am e s" 136 which 
ar e d e posit e d on th e film band 1 56 which is then advanced fram e by fram e to plac e a fr es h frame 

25 before each new area tr e atm e nt. Th e spot 1 4 6 r e present an e x e mplary e n e rgy b e am from a light 
sourc e int e racting with th e high absorbanc e substanc e . 

[0325] BIBIBIBIBIBI 

30 [0326] In an alt e rnativ e pr e ferr e d e mbodim e nt the int e nrt e diat e m e dium is r e plac e d at the 
r e quired inter\^al by rotating a carousel, or a rotating wh ee l at th e r e quir e d int e rval to a n e w 
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"fr e sh" HAS coated, location. This is shown in FIG. 1.6, H e r e , th e apparatus is id e ntical to th e 
attachment FIG. 1.2 e xcept that inst e ad of tho rollers on e us e a wh e el 226, wh e r e th e high 
absorbing substanc e is deposit e d on th e surface of the wh ee l facing the e nergy b e am, 1 4 6 as 
shown in FIG. 1 .6. Th e w^he e l is th e n rotat e d befor e e ach interaction to allow n e w and un-used 
5 higli absorbing substanc e surface to b e placed betwe e n the energy b e am 146 and th e targ e t 
mat e rial 

[0327] hi yet another exemplary pr e f e rr e d e mbodim e nt, the e nergy can b e deliv e r e d to th e targ e t 
material 1 1 60, in an e nergy sourc e 1 130 embedded in th e interm e diat e mat e rial 1 1 4 0. FIG. 1 .3 

10 shows a heater 1 130 emb e dd e d in th e int e rm e diat e mat e rial 1 1 40. Th e En e rgy r e moval e lem e nt 
1 150 is th e n either emb e dded in the interm e diate medium as shown in FIG. 1.4, or is e xternal to 
th e int e rm e diat e medium (as shown in FIG. 1 .3) and allows e n e rgy removal. Energy removal can 
then be g e n e rated either througli th e inteim e diate mat e rial as shown in FIG. 1. 4 or by dir e ct 
application of en e rgy r e moval substanc e to th e int e mi e diat e m e dium as is shown in FIG. 1.4. In 

15 both cas e s the r e servoir 1 155 containing the en e rgy removal s ubstanc e is also shown. 

Alternativ e ly, in y e t anoth e r pr e f e rr e d e mbodiment, th e e n e rgy r e moval substanc e may also be 
applied to dir e ctly to the target material 1 1 60 thus r e moving energy dir e ctly from th e targ e t 
mat e rial. 

20 [0328] Tho use of a highly controll e d h e ating and cooHng is cont e mplat e d. For e xampl e , one 
preferred e mbodiments is illustrat e d in FIG. I A: A thin, highly conducing intennediat e material 
(HCM, for exampl e a thin sh ee t of Aluminum) 20 is attach e d to a target mat e rial such as th e slcin 
10. Th e HCM is coat e d at sp e cific points with high absorbing substanc e 30 (HAS). The las e r 
beam is dir e cted towards on e such location of high absorbing substanc e- coat e d mat e rial. The 

25 h e at is absorbed by the HAS and conducted through th e layer of highly conducting material. For 
e xampl e w e calculat e that in a circular ar e a of 1 cm^ h e at will be diffus e to a d e pth of about 600 
um in about 0.36 sec or 360 ms, in wat e r - like substanc e . The energy source 10 is on for th e 
duration of time corr e sponding to pow e r of th e e n e rgy source allowing suffici e nt e n e rgy to b e 
deposited. Immediately following the interaction a coolant spray 60 from a coolant e j e ctor 50 is 

30 discharg e d allowing imm e diat e cooling of th e target ar e a through th e HCM film. On e can design 
the film thickness and siz e so that th e resultant energy per unit time is sufticient to achi e v e th e 
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desired e ff e ct. 



[0329] In 360 ms the th e rmal diffusion in a wat e r - lik e tissu e target material is on the ord e r of 600 
um. On th e oth e r hand a circular ar e a of 3 mm^ will b e e venly h e at e d up by a scanned e n e rgy 
5 source cont e mplat e d in one pr e ferred embodim e nts of this invention, in about 36 ms by an 

e x e mplary scanning of th e optical Hglit. During this tim e , h e at diffus e s only a ^00 um. This will 
be more in lin e with th e thonnal tissu e damage that we wish to tak e plac e . Such a small volum e , 
s mall siz e intermediat e mat e rial will allow th e use of a singl e stationary b e am. One can th e n us e 
a MECHANICAL d e vice (for e xample a drum lik e switcher (much lik e in a r e volv e r pistol) that 
10 will mov e small, mirrored faces 4 7 to move th e b e am 4 8 around to th e various spots of high 
absorbing substanc e 30. 

[0330] Alt e rnatively the intermediate material 20 in FIG. 1 A can be made of a THERMALLY 
NON - CONDUCTING thin int e rm e diat e m e dium. Th e highly absorbing substanc e 30 is 

15 d e posit e d on the intemiediate mat e rial and th e process continu e s as d e scribed abov e . The main 
diff e r e nc e b e tw^ ee n th e two m e thods is that v e ry littl e lat e ral conduction occurs with the 
interm e diat e material 20 mad e of Non conducting mat e rial. On the oth e r hand, e fficient transfer 
of th e rmal e n e rgy from th e HAS spots 30 to th e targ e t mat e rial is e nsur e d by using a v e ry thin 
layer of 20. This has th e advantage that whil e no photons or high absorbing substance com e s in 

20 dir e ct contact with the targ e t mat e rial, th e h e at is quickly and effici e ntly transf e rred to th e targ e t 
and can then be just as e ffici e ntly and quickly e liminat e d. 

[0331] In either on e of the above pref e ix e d e mbodim e nts, the int e rm e diat e substance can b e 
mad e so ther e is no dir e ct contact or int e raction of th e e n e rgy from th e e n e rgy sourc e (for 
25 e xampl e , photons from an e l e ctromagn e tic e n e rgy source) NOR dir e ct contact of the HAS with 
th e mat e rial. For e xampl e , only the st e ril e out e r surfac e of th e int e mi e diat e mat e rial mak e s dir e ct 
contact or has dir e ct int e raction with the targ e t material. 

[0332] In th e embodim e nt that envisions a non conducting int e rm e diate mat e rial, th e higlily 
30 ab s orbing substanc e , HAS, can b e precis e ly deposited at th e s e lect e d locations on top of the 
interm e diat e mat e rial. Sinc e themial diffusion in th e lat e ral dir e ction is v e iy limited th e 
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interaction i s confined to substantially th e area whcro th e HAS is oxposcd to tho energy b e am. 
For e xampl e , if th e non th e rmally - conducting intermediate mat e ri al is a water lik e mat e rial with 
water- like thermal properti e s, with approximately 100 um thickness, it will conduct theimal 
energy through in about 10 ms. The th e rmal mt e raction with th e target mat e rial will start within 
5 l e ss then 10 ms and the lateral h e at diffusion, if, for e xampl e , we deploy th e e n e rgy r e moval 
syst e m within 40 ms, will be confined to boundary of 200 um from tho en e rgy d e position zon e 
(i, e . the lateral distanc e from the zone wh e re th e HAS is deposited). 

[0333] In fact, by controlling th e lateral spatial separation between th e HAS zon e s on e can cr e at e 
10 a continuiim of th e rmal d e position. This is shown in FIG. IF wh e r e th e patt e rn 82 of higlily 

absorbing substance 30 d e posit e d on the interm e diat e medium 20, b e com e s aft e r th e rmal e n e rgy 
diffusion, a substantially unifonn targ e t mat e rial modification patt e rn, 85, on th e targ e t mat e rial 

15 [033 4 ] Similarly th e process can contain sourc e s other then light (for e xample a broad band liglit 
source, a x e non or halog e n lamp) in synchroniz e d us e with th e coolant. 

[0335] In one such pref e rr e d e mbodunent, a th e rmo -el e ctric cool e r (TEC) can b e e mploy e d. 
H e r e th e TEC is off during th e e n e rgy deposition phas e . The TEC is th e n turned on to r e move 
20 e n e rgy and quench the int e raction at a pr e cis e ly d e sir e d mom e nt. Alt e rnatively, m anoth e r 

pr e f e rred embodiment, tho TEC can also act as an e n e rgy source and h e at up the targets material, 
th e n th e e lectric curr e nt polarity is r e v e rs e and th e TEC can th e n acts as an e n e rgy removal 
e l e m e nt and rapidly cool the targ e t mat e rial. 

25 [0336] However, cryog e n spray is more e asily and rapidly controlled. In y e t another preferr e d 
e mbodim e nt, the TEC polarity may b e r e v e rs e d rapidly and in a controll e d manner upon th e 
generation of a signal fi-om th e us e r or a controll e r unit. In this e mbodim e nt, the TEC acts as both 
the e nergy sourc e and a s an intermediat e material. H e ating of th e targ e t material tak e s plac e and 
modification of th e target mat e rial follows. The TEC controller then causes h e ating of th e targ e t 

30 mat e rial to stop at a desired mom e nt in tim e , and the r e moval of en e rgy and/or cooling to follow 
in order to quench th e int e raction. 
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[0337] In y e t anoth e r pr e f e rr e d embodim e nt a th e rmoel e ctric cool e r can b e combin e d with th e 
process of coblation or e l e ctric - caut e ry or e lectric surgery to achi e v e rapid energy removal 
following e n e rgy d e position in ord e r to minimize pain and control damag e and control targ e t 
5 material modification. Th e same process can al s o be appli e d to th e process of coblation wh e r e 
e nergy r e moval and minimization of pain can b e achi e v e d by application of e n e rgy removing to 
the target mat e rial aft e r any and all plasma mediat e d interactions. In this e mbodim e nt, the en e rgy 
r e moving can b e achi e ved by using thermo- e l e ctric cool e r, a p e l ti e r cool e r, coolant spray, 
cryog e n spray as w e ll as a host of other en e rgy removal m e chanism. All of th e s e will work 

10 provided that th e us e r allow the modifi^ing int e raction to tak e plac e and then, at a pr e d e termin e d 
point in tim e , th e us e r activate one of the above energy r e moval methods. This appli e s to the 
proc e ss e s of ablation that can be e nvision e d as well exc e pt that ablation takes plac e by e l e ctro 
surg e ry or Coblation or plasma g e n e ration, or plasma - mediated mat e rial r e moval, or rapid 
g e n e ration of h e at. Again, cooling occurs e ith e r THROUGH the highly conducting mat e rial (for 

15 exampl e if aluminum is used), or if el e ctrod e s ar e used for delivering e l e ctric, el e ctromagn e tic, 
irradiativ e , or ch e mical energy. And it will also work if on e rais e s th e int e rm e diat e mat e rial to 
allow directed application of th e energy removing substanc e (or coolant) to the target material as 
shown in FIG. 2B wii e r e th e int e nn e diat e material 3 4 0 is lift e d up to allow th e e n e rgy r e moval 
substanc e to b e appli e d directly to th e targ e ted tissue 10 following th e int e raction. This also 

20 e nsur e s minimization of pain with all m e thods including e l e ctro - caut e ry/liyf e rcator. 

[0338] In y e t anoth e r pr e f e rred e mbodim e nt, th e int e rm e diat e m e dium consists of an e l e ctrical 
h e ater in contact with the target mat e rial. Th e e l e ctrical h e at e r may be pulsed or may be on 
continuously. IF it is on continuously, a puls e d e n e rgy r e moval syst e m is e mployed. For 

25 example, a suffici e ntly think int e nn e diat e mat e rial, said int e iTncdiate material is also a heater or 
capabl e of h e ating th e targ e t mat e rial, which is th e n sprayed by a cryog e n spray or cool e d by 
other coolant or energy removal means in ord e r to modulate both intennediate mat e rial AND 
target mat e rial t e mp e ratur e and th e mial en e rgy content. Th e cryog e n spray v/ill also r e mov e 
thennal energy fi-om the target material through th e intermediate medium. This will allows 

30 r e duction of th e targ e t mat e rial temp e rature at th e d e sired tun e s. 
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[0339] With the abov e methods w e can also aid in tho removal of pigm e nt e d skin bl e mish e s that 
can also b o aff e ct e d. This can b e don e much like the C02 only much l e s s e xp e nsiv e , pain - fr ee , 
AND with a much b e tter control of spatial targ e ting becaus e of th e high absorption substanc e 
d e position. 

5 

[03 4 0] Another advantag e of th e embodiment e nvisioning th e d e positing of higli absorbing 
substance (HAS) on a paper or thcmially m e diating medium but on th e sid e aw^ay from th e skin 
is that th e interm e diat e mat e rial or int e rm e diat e paper block any d e bris from the ablat e d targ e t 
mat e rial. In addition, th e high absorbing sub s tanc e is not allowed to come in contact with th e 
10 skittr 

[03 11] Attach e d b e low is an e x e mplary list of possibl e int e rm e diat e pap e rs and or mat e rial that 
can serv^e as int e rm e diate material: 

15 [0312] A. 

[0343] The intemi e diat e mat e rial can b e pr e par e d with the higli absorbing substance e mbedd e d 

20 [0311] Color e d paper 
[03 4 5] Toil e tt e pap e r 
[0346] Tissue pap e r 

25 

[03 4 7] Pap e r matrix with th e HAS e mb e dd e d in its matrix. 
[03 4 8] B. 

30 [0349] Good conductors which may for e xampl e be shap e d into a foil 
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[0350] Stainlooo otocl 



[0351] Stool 
5 [0352] Aluminum, 
[0353] Copper 
[0351] Gold 

10 

[0355] Othormotalo 

[0356] The above m e thod m e ans containing both liglit and HAS within the Devic e . Th e target 
material or skin is n e v e r in direct contact with th e mat e rial and is n e v e r e xposed th e photons 
15 from an energy sourc e . 

[0357] C. 

[0358] An int e nn e diat e material for th e deliv e ry of e n e rgy may b e d e vic e s s uch as hyfercator or 
20 e lectrocaut e rers with Cooling apparatus for en e rgy r e moval 

[0359] D. 

[0360] Coblation with Cooling 

25 

[0361] E. 

[0362] An alt e rnative m e thod may b e a th e rmo e l e ctric cool e r with a laser acting as an energy 
sourc e . Th e las e r radiation may be activated in a pulsating mod e whil e tho energy r e moval ( e .g. 
30 cooling) is synchroniz e d with tho h e at sourc e . 
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[0363] F. 



[036 4 ] Energy may be pumped into the intcmiediatc material using high resistanc e e l e ctrical 
wires. Th e int e rm e diate mat e rial can then bo cool e d rapidly with a loop of th e rmally conducting 
5 tube containing a circulating cryogen or other wat e r flow, or througli th e us e of cryogen spray. 

[0365] Anoth e r e mbodiment is shown in FIG. 2A The Coolwand ™ t 

[0366] Th e e n e rgy source (for example a laser source) 300 and th e coolant source 310 are 
10 mount e d insid e th e handpi e c e 320. The cap 330 is made of a conducting mat e rial or from a 

material thin enough to allow s ignificant h e at conduction from the inside pai1 of the cap 330 to 
th e outsid e part 335 in a short tim e substantially short e r th e n about 0.5 second. Th e pow e r 
supply 340 powers the instrum e nt's e n e rgy sourc e and cooling source. 

15 [0367] Th e light from th e e n e rgy sourc e , ( e .g. a laser or a broadband light source) is absorb e d by 
a high absorbing substance (HAS) 350. Th e HAS 350 transf e rs its e n e rgy to the conducting part 
355 which str e tch e s throughout th e interm e diate mat e rial cap volum e 370 i s in contact with the 
targ e t mat e rial 10. The r e st of th e interm e diat e mat e rial cap volum e 370 is mad e of insulating 
mat e rial. Thus, by controlling th e siz e and volume of th e high conductive substance ar e a-th e 

20 high th e rmal conductivity area siz e 340, on e determines how th e siz e of th e area to be aff e ct e d. 
By controlling the power and th e on tim e duration of th e energy source, one determines how 
much en e rgy will b e d e liv e r e d to what siz e area. By controlling th e coolant, on e d e t e rmin e s th e 
duration of time for which th e int e raction is allowed to go on. Thus, this embodim e nt allow for 
e limination of scanners, no moving parts, no contact of th e H AS with th e slcin, and no e xposur e 

25 of the skin to photons or any e n e rgy oth e r then highly controlled thermal e nergy. Th e r e is also no 
microprocessor s or programs to control this. It can all b e mad e with hardwir e d d e sign. 

[0368] Th e higli absorbing substance 350 is consumed within a giv e n amount of tim e and thus 
allows a finit e amount of tim e for us e . Th e Size of the high conductive mat e rial (HCM) 355 is 
30 adjustable to treat differ e nt ar e a s shap e and sizes. Each HCM 355 is pack e d within its own cap 
330 making it a disposable cap. Th e Energy sourc e pow e r and duration are presets and 
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con'csponds to th e size of th e HCM siz e and d o sign. 



[0369] FIG. 1 A illustrates one of the pref o rrcd embodim e nts: 
5 [0370] A source of energy 10 

[0371 ] Deliver a dose of e n e rgy to an int e rm e diat e mat e rial 20. 

[0372] Th e intcnn e diate substance absorbs this en e rgy and conducts it to the targ e t mat e rial 10. 

10 

[0373] It is also possible that the intermediate substance 20 may have on it a f e w absorbing 
locations 30 wher e a substanc e of high absorbanc e with r e spect to th e en e rgy of th e sourc e 40 
has b e en appli e d. This energy is th e n absorb e d by th e high absorbing substanc e locations 30 
which th e n transf e r th e m to th e intenn e diat e mat e rial 30 which th e n transf e r th e e n e rgy to th e 

15 target mat e rial 10. There, said en e rgy modifi e s or ablate th e target material 10. Subs e qu e nt to th e 
interaction, (or, in some pr e f e rr e d e mbodiments during) a substanc e capabl e of en e rgy r e moval 
70 is dir e ct e d by th e ej e ctor/dir e ctor SO to th e int e nn e diat e mat e rial 20 which is in contact with 
th e targ e t mat e rial 10. The substanc e capabl e of e nergy r e moval so dir e ct e d 60, th e n r e mov e at 
least som e of th e en e rgy from the int e rm e diat e mat e rial 20 and thus also from the targ e t material. 

20 This proc e dur e allows, among other things minimization of pain in human tissue int e raction and 
gr e at e r control of damag e . 

[0374] In furth e r e laboration of this embodim e nt, th e higli absorption substanc e (HAS) 30 may 
b e locat e d at s e v e ral diff e r e nt points thus allowing e ffici e nt d e livery of e nergy to various locals 
25 on th e intenn e diat e mat e rial and target mat e rial. This too is illustrated in FIG. 1 A. 

[0375] In a furth e r elaboration of this e mbodim e nt, the high absorption substanc e (HAS) 30 may 
b e locat e d at s e v e ral diff e r e nt points 30 thus allowing e ffici e nt deliv e ry of e nergy to various 
locals on the int e nn e diate mat e rial and targ e t mat e rial. This will also spread out th e e n e rgy 
30 d e position eff e ct and will allow simultaneous deposition of e n e rgy in on e location AND r e moval 
of e nergy in a second, adjac e nt location. Of course the e n e rgy source 40, in this embodiment has 
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to be stin'od from one location 30 to tho noxt in a predetermin e d pattern. The stiiring of the 
e n e rgy source can b e accomplished by moans of an e nergy stirring d e vic e 4 5. Th e e n e rgy 
removal substance ejector/director 50 can b e synchronized with tho beam stining d e vice 45 to 
accomplish e d the abov e m e ntion e d simultan e ous en e rgy d e position in one location and e nergy 
5 r e moval in a s e cond location, 

[0376] In a further embodim e nt the intennediate material 20 may be mad e of a conductor or an 

insulator. If a conductor th e n d e p e nding on th e thickn e ss, of the plat e , it may conduct w e ll 

within a giv e n interaction tim e (i. e befor e th e e n e rgy r e moving substance ERS is applied) to all 

10 r e gion of th e plat e 20. Howev e r if th e plat e is very thin, th e flow of e n e rgy is limited by th e cross 
s e ction and is limited in the lat e ral dir e ction. Energy flow will be effici e nt in the Z - dir e ction (i. e . 
towards th e targ e t material). I. e ., most of th e e n e rgy s hall b e conduct e d dir e ctly, in th e Z 
direction towards th e targ e t mat e rial and very little energy shall b e conduct e d lat e rally and then 
mto th e targ e t e d material. Th e en e rg>^ distribution in th e int e mi e diat e mat e rial will b e that shown 

15 by 65 in FIG. IB. Th e n, du e to th e finit e th e imal conduction in th e int e rm e diat e mat e rial th e final 
th e mial e n e rgy distribution in th e targ e t mat e rial, will b e that shown by 70 in FIG. IC wher e th e 
conc e ntric an'ows indicate th e dir e ction diminishing th e rmal e ff e ct. 

[0377] In another pr e f e rr e d e mbodim e nt, the intermediate material is mad e of a substantially thin 
20 th e nnal insulator. Th e e n e rgy from th e e n e rgy sourc e is th e n appli e d to the int e mi e diat e mat e rial 
via a higli absorbing substance 30 appli e d at any d e sired patt e rn as shown in FIG. ID. Sinc e the 
absorb e d sourc e e nergy is now conv e rt e d to th e rmal e n e rgy but r e mains confin e d substantially to 
the shape of the HAS spots 30 on th e int e miediate material 20, at l e ast som e of this e nergy will 
b e transf e iT e d to th e targ e t mat e rial 10 b e low, shown in FIG. I E and diffus e furth e r down 
25 towai'ds the tai'get mat e rial. If said targ e t mat e rial is composed, for exampl e , of tissue or water - 
lik e mat e rial, th e th e rmal diffusion will b e rath e r slow (for exampl e it talc e s about 10 ms in such 
w^atcr - like material for thcmial energy to diffuse a distanc e 100 um) and th e th e nnal eff e ct at th e 
targ e t by th e tim e th e e n e rgy r e moval system (or coolant) is activated, will be mor e confin e d, for 
example, to within th e s e cond ring, 75, in FIG. IE. 

30 

[0378] An additional preferred e mbodiment envisions th e e nergy sourc e as a rapid h e at e r 
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emb e dd e d within confining caps. Th e se heaters may be mad e of e l e ctrical h e aters. Alternatively, 
th e s e h e at e rs may b o made of thenno e lectric cool e r with switchabl e polarity. 

[0379] An alternative e mbodim e nt is s hown in FIG. 2A: The e n e rgy sourc e (for e xampl e , a laser) 
5 300 and th e e n e rgy removal sourc e (for e xampl e a coolant) 310 ai'e mount e d insid e a handpiec e 
320. Th e int e rm e diate mat e rial 330 is shap e d lik e a cap and is mad e of a conducting mat e rial or 
firom a material thin e nough to allow sufficient amount of h e at to b e conduct e d from th e insid e 
surfac e of th e cap 330 to th e outsid e surface of the cap in contact with th e targ e t mat e rial 335. 
Pr e f e rably this conduction is compl e ted in a short time for example short e r then about 0.5 
10 s e cond. The pow e r supply 340 pow e rs th e instrum e nt's e n e rgy source and cooling sourc e . 

[0380] Th e Hght fi-om th e e nergy sourc e ( e .g. a las e r or a broadband hglit source) is absorbed by 
a high absorbing substanc e 350. Th e high absorbing substanc e 350 transf e rs its e nergy to th e 
conducting part 3 4 0 which is in contact with th e slcin 360. The rest of th e cap ar e a 370 is made of 

15 an insulating mat e rial, which do e s not conduct thennal e nergy w e ll. Thus, by controlling th e siz e 
of the mat e rial of high thermal conductivity (HCS) 3 4 0, on e can d e termin e how th e siz e of th e 
ar e a to b e aff e cted. By controlling th e pow e r and the "on" tim e duration of th e e nergy sourc e , 
on e d e t e rmin e s how much en e rgy will be d e liv e r e d to a desir e d area size. By controlling th e 
coolant duration and timing, on e deteimines the duration of tim e for which the int e raction is 

20 allowed to go on. 

[0381] Ther e ar e no scami e rs, no moving parts, no contact of th e high absorbing substanc e with 
the slcin, and no exposure of th e slcin to photons or any e nergy other then highly controll e d 
th e rmal en e rgy. Th e r e ar e also no microproc e ssors or programs n ee d e d to. control th e proc e ss. 
25 All operations are hardwir e d. 

[0382] Th e highly absorbing substanc e 350 in FIG. 2A, is consum e d within a giv e n amount of 
tim e and thus allows only a w e ll d e fin e d finit e l e ngth of tim e for us e . 

30 [0383] The Size of the highly conducting material 355 is adjustable to tr e at diff e r e nt areas, 
shap e s, and sizes. Each highly conducting material 355 is pack e d within its own cap 370, and 
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since the highly absorbing material is at least partly consumod by during op e ration, the caps ar o 
disposabl e caps. 



[0384] Th e En e rgy sourc e pow e r and duration settings ar e pr ese ts and ar e d e sign e d to corr e spond 
5 to the size and shape of th e highly conductive material. 

[0385] FIG, 3 A illustrat e s a r e plac e abl e cap that can be attached to an e x e mplary d e vic e for 
modification of target mat e rial, 3030. Th e caps 3035, constitut e the int e rm e diat e mat e rial that 
absorbs th e sourc e 's radiation and conduct it to the target e d surface. The cups may be arranged so 

10 that a c e rtain portion of them is higlily conductive and a c e rtain portion of them is highly 
msulating. Further, part of th e conductive portion of the cup may be coated with capable of 
absorbing w e ll th e en e rg>^ from th e source. For exampl e in FIG. 3 A, th e energy from th e sourc e 
is scanned across th e cup's surface 3040 that is facing the e n e rgy source 300. Th e r e gions that 
contam the high e n e rgy absorbing substanc e 350 how e v e r, only absorb th e e n e rgy. Tli e r e gions 

15 that arc made of high e n e rgy absorbing substanc e 350 can b e mad e in diff e r e nt shap e s as shown 
in FIG. 3B (s ee for e xampl e in patt e rn 3070), or patt e rn 3080 in FIG. 3C. Of cours e , a p e rson 
skill e d in th e art will easily recogniz e that the patterns illustrated in FIG. 3B are merely v e ry few 
r e pr e sentati v e e xampl e s and many oth e r patt e rns of high absorbing mat e rial can b e envision e d. 

20 [0386] hi FIG. 3 A, a p e rson skill e d in th e art will r e cognize that a b e am from th e e nergy source 
scann e d across a portion of th e cap 350 and encount e ring th e portion of the cup with a high 
absorbing substanc e w^ill d e posit its en e rgy in said ar e a according to the rat e e quation: 

Fluenc e "~Ffi'*'Alpha"P/(L Nu Dia)'^ Alpha 

25 

[0387] Wh e r e F o is the e nergy d e livering rate from a scann e d sourc e of pow e r P, with a l e ngth of 
scan, L, and scann e d frequ e ncy Nu, and beam diameter, Dia. Th e Absorption coefficient Alpha 
charact e riz e s the high absorbing s ubstanc e and d e t e rmin es what fraction of th e d e liv e r e d e n e rgy 
is actually absorb e d and r e mov e d from the beam by the higlily absorbing substanc e . 

30 

[0388] Said energy will rapicily be conduct e d downwards to the outside surface of th e cap 335 
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(i,o. the surface in contact with th e targ e t material). 



[0389] The outside surfac e of the cap 335 is in contact with th e targ e t material and will bo 
rapidly h e at e d. Aluminum, for e xampl e , may conduct h e at across 1 mm distanc e in 1 ms. Thus a 
5 cap with a thickness of for e xampl e 100 um may b e conducted within 10 us, 

[0390] Conduction in the lateral dim e nsion is more difficult since it is more difficult to conduct 
heat in th e lat e ral dim e nsion through a v e ry thin cup. Tli e nnal conduction is accomplish e d most 
efficiently through e n e rgetic fi'ee e l e ctron motion and it is clearly more difficult to cram many 
10 e l e ctrons though a finit e narrow passag e . 

[0391] hi FIG. 3B w e show^ an additional embodim e nt using an e xemplary cup 3035 with th e 
int e rmediate mat e rial made mostly of a substance of high th e mial conductivity, and with an inn e r 
surface mad e with an e l e ment that ar e coat e d with a high absorbing substanc e . When th e sourc e s 

15 beam is scanned across th e high absorbing substance its e n e rgy is quickly conduct e d to th e 

outsid e surface in contact w^ith th e targ e t mat e rial On its p e riph e ry, th e high absorbing substanc e 
(HAS) - coat e d surface may e ncircled with a thin ring of material of low th e mial conductivity. 
This ring ensur e s confin e m e nt of th e th e rmal e ffect ONLY to th e desir e d area of HAS coating. 
Exc e pt for the ring of th e rmal insulator, th e e ntire cap is mad e of a substance of high th e rmal 

20 conductivity. Thus, wh e n th e en e rgy removal substance com e s in contact with th e imi e r surfac e , 
th e e ntire surface is rapidly cools, thus both qu e nching the hot th e mial ar e a and adjac e nt r e gions 
which may hav e b ee n e ff e ct by th e nnal e nergy conduction through th e target material its e lf This 
is illustrat e d in FIG. 3C where th e int e mi e diat e mat e rial 3035 is mad e of a high conducfing 
substanc e (HCS), 395. The high absorbing substanc e ar e a 370, is th e nually isolat e d from the r e st 

25 of th e HCS 395 by the ring of insulator material 390. when th e en e rgy source beam is scann e d 
across the cap of int e rm e diate material 3035, only th e ar e a 370 is h e at e d. Heat is confin e d by th e 
insulating ring to th e HAS area 370. However, wh e n th e e nergy r e moval substanc e is activat e d, 
all the int e rm e diat e mat e rial ar e a and th e targ e t mat e rial ar e a in contact with it are cooled. 

30 [0392] A compl e t e d e vic e and its control box and knobs e nvision e d by a pr e f e rr e d e mbodim e nt 
of the present inv e ntion are illustrat e d in FIG. 4 . 
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[0393] A t>pical pref o ired embodiment for a devico 4 010 consists of five compon e nts: a 
handpiocc ass e mbly, a comiector cable, power cord, power supply console, and th e footswitch. 



5 [0394] Within the handpiec e assembly ar e s e veral sub compon e nts: 

[0395] Diode lascr 4 4020: Emits laser radiation towards the scanning mirrors. 

[0396] Thormocloctric cool e r 4 030: Cools th e diode las e r, 4 020 to pr e v e nt ov e rh e ating. 

10 

[0397] Photodiodo detector 4 0 4 0: The photodiode det e ctor is used to m e asur e total output pow e r. 
It compares the amount of photons d e t e cted fi^om 4 % of th e refl e ct e d power from th e b e am 
splitter to th e power output dcteimin e d by the preset modes. 

15 [0398] Scanning unit 4 050: The sub components of the scanning unit consist of mirrors, a lens, 
and a b e am splitter. The mirrors ar e us e d to scan the los e r e mission across a section of the target. 
The window in tho scanning unit is used as a beam splitt e r wh e re it refl e cts 4% of th e total 
output b e am towards th e photodiodo det e ctor 4 040, This allows for 96% transmis s ion of total 
energy towards the toi got tissu e , A d e tail e d pictur e of the scanning unit can be s ee n in FIG. 4 . 

20 

[0399] Coolant ejector 4 060: The coolant e j e ctor sprays the contents in the coolant r e servoir 
4 070 onto th e target tissue. Th e rat e and duration at which the coolant is e ject e d is pr e d e t e nnin e d 
by the different preset modes. Th e e j e ctor sprays once ev e iy thi'ee scami e d lines for a p e riod tim e 
p e riod d e termin e d by the mode that th e d e vice is op e rating in. 

25 

[0 4 00] Coolant r e s c r\^oir 4070: Tli e coolant r e s o r\ ' ^oir hous e s the coolant that is us e d by th e 
coolant ej e ctor, 4060. 

[0 4 01] Focus guard 4 080: The focus guard is mounted on th e outsid e of th e handpi e c e . Its l e ngth 
30 is us e d to d e t e rmin e to optimal distanc e from th e end of th e handpiece to tho target tissu e . 
Resting the focus guard on th e target ti s sue docs this. 
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[0402] Manual shutter, 4 090: Th e manual shutt e r is us e d to provcnt accidental firing of th e las e r. 
In its open position, it allows transmission of th e las e r b e am to the target tissue. In its clos e d 
position, it allows no transmission of las e r radiation outsid e of th e handpiec e . 

5 

[0 4 03] Th e conn e ctor cabl e 4 100 is us e d to comi e ct the handpi e ce to th e power supply consol e 

[0 4 04] Th e power supply console 4 110 contains th e control pan e l, 4 120 and houses th e pow e r 
10 supply A 1 4 0. The pow e r supply consol e is plugg e d into wall via th e pow e r cord A 1 50, Th e 
control pan e l 4 1 20 is us e d for turning th e d e vice on or off, s e l e cting on e of the pr e s e ts, and 
displays th e system status. Th e control pan e l is b e tt e r illustrat e d and described in FIG. 5. 

[0 4 05] Th e footswitch 4 130 is us e d to operate th e d e vic e . Wh e n d e pr e ssed, pow e r is suppli e d to 
15 the handpi e c e that allows th e las e r diod e and all systems within the handpiece assembly to 
op e rat e . 

[0 4 06] An e x e mplary devic e control box is shown in FIG. 5. The components of such an 
exemplary device control box ar e as follows. The push button 510 r e pres e nt an exemplaiy 

20' pr e s e nt button which, using an ex e mplary, pr e programm e d microprocessor, allow the us e r to 
select a pr e det e miin e d s e t of scanning, e n e rgy sourc e pow e r, and coolant parameters. Four 
exemplary pr e s e t buttons ar e shown in this e xampl e . Abov e th e pr e s e nt buttons 5 10 an 
exemplary light e mitting diodes (LED) 500 is shown. Such LEDs indicate which settings hav e 
b ee n s e lect e d. An on/off button is shown by 520. Th e LED shown by 5 4 0 is a standby indicator 

25 that lights up wh e n th e d e vice is idl e . The LED shown by 550 indicat e s that the energy sourc e is 
on and int e raction with th e intermediate and target mat e rial is occurring. Th e LED illustrated by 
530 liglits up wh e n e v e r the energy r e moval compon e nts ar e activat e d. 

[0407] As FIG. 6 shows, on e prefcix e d ombodiment envision e d utilizing a diod e laser 120 as an 
30 e x e mplary en e rgy source that is mount e d on an th e rmo e l e ctric cool e r. A collimating l e ns 130 

e nsur e s a collimated beam, which then pass es through th e two scanner mirrors. From th e scann e r 
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the b e am is dircctod to a focusing lens 140 which dir e cts the las e r b e am energy to the target 
tissu e . B e for e em e rging from th e handpiece a small portion of th e b e am is dir e cted by th e b e am 
splitt e r 205 to a photodiod e d e t e ctor. The photodiod e detector 200 e nsur e s that the syst e m is 
operat e d at a prop e r power l e vel. Th e coolant r e s e r\^oir 160 is also mount e d within th e 
5 handpi e ce. The coolant is ejected via the ejector 1 70, and direct e d towards th e tr e at e d targ e t 
tissue ar e a. The focus guard 225, e nsur e s proper positioning of th e handpi e c e with r e sp e ct to th e 
target skin tissue. The manual shutter, 2 4 0, pr e vents accidental firing of the laser. Another 
possibl e e mbodim e nt mak e s us e of a broadband liglit sourc e as th e sourc e of e n e rgy (for 
e xample, a halog e n lamp or a x e non lamp). Of course, in general, this inv e ntion cont e mplat e s 
10 many en e rgy sources as a possible source. 

[0 4 08] Th e las e r beam i s e mitt e d from th e diod e las e r as a collimat e d b e am, and is r e fl e cted from 
th e first scanning mirror, 1 4 0, onto th e second scanning min'or, 150. From th e r e , th e b e am pass e s 
through th e focusing lens, 190. Onc e th e beam reach e s the b e am splitt e r 205, 4% of th e las e r 
15 output power 210, is refl e ct e d by th e b e am splitt e r 205, to th e photodiode detector 200, which is 
us e d to m e asur e the total amount of pow e r e mitt e d by th e diod e las e r. Th e photodiode d e t e ctor 
200, ensures that th e system is operated at a prop e r pow e r level. Th e r e maining 96% of th e las e r 
output pa s s e s through the b e am splitt e r and focus e s onto th e targ e t tissu e . 

20 [0409] Th e coolant r e s e rvoir 160, is also mounted within th e handpi e c e . Th e coolant i s e l e ct e d 
via th e e j e ctor and directed towards the treat e d targ e t tissu e ar e a 180. A manual shutt e r 2 4 0 
pr e v e nts accid e ntal firing of th e las e r. Th e focus guard 225, acts as the positioning d e vic e that 
allows th e us e r to properly determin e th e optimal distanc e to th e targ e t tissu e that will allow for 
optimal p e rformanc e of th e d e vic e . 

25 

[0 4 10] If the manual shutt e r 2 4 0 is not displaced, th e s hutt e r will block all transmission of th e 
b e am. Only when the shutter is dis e ngag e d from its nonnal position will the beam be transmitt e d 
out of th e handpi e c e and onto th e targ e t tissu e . 

30 [041 1] FIGS. 7 A through 7F illustrat e sev e ral oth e r pref e rr e d e mbodiment of the pr e s e nt 
invention including th e patt e rns of good heat conductors on th e intermediat e mat e rial. 
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[0 4 12] FIG. 7 A shows a high th e rmal conductor 'h e aters' 720 which compris o s part of th e 
intcmi e diat e material (which we sometim e s also designate at "caps") and the entire cap structure. 
Th e High th e rmal conductors h e at e rs ar e s e parat e d by th e insulator margin 750. Only the HTC 
5 720, are h e at e d du e to the Higli absorbing substanc e HAS 730, deposit e d in one end. Heat is 

conduct e d throughout th e h e at e rs 720 in th e dir e ction of th e an'ows 7 4 0. The HASs 730 is h e at e d 
by th e STATIONARY elongated BEAM 710. Thus, FIG. 7A illustrates th e higli thermally 
conducting 'h e at e rs' 720. Th e h e aters, 720 ar e cov e r e d with the high absorbing substanc e (HAS) 
730. The b e am 710 is e longated and its long axis is aligned with that of th e long axis of the 

10 h e at e r s . Th e b e am is th e n scann e d across th e int e rm e diat e mat e rial and g e t absorb e d e very time it 
cros ses e ach on e of th e HAS 730 covered heater 720. The rest of th e int e rmediate material 760 is 
a conductor as w e ll. H e at does not flow from th e h e at e rs to th e r e st of th e intermediat e mat e rial 
b e caus e it is insulated from the r e st of th e int e miediate material conductor by th e insulator 
brack e ts (750). Upon a pr e d e t e rmin e d timing an en e rgy r e moval is activat e d and qu e nch e s th e 

15 h e ating of the cell. 

[0413] FIG. 7B shows the h e ating proc e ss completed by a scanning beam. Here, the entire length 
of a h e at e r strip of heat e rs 720 on th e int e rm e diat e mat e rial 760, is coated by ahigli absorbing 
substance 730 and is heated by an e longat e d b e am 710 which is th e n scann e d across the surface 
20 and h e at each on e of the h e at e r as it passes ov e r it. 

[0 4 1 4 ] Th e e ntir e proc e ss can also b e mad e , in anoth e r pr e f e rr e d e mbodim e nt, by illuminating an 
e ntir e patt e rn, as shown in FIG. 7C. The en e rgy sourc e in this cas e would be a large diam e t e r, 
larg e ar e a b e am which will irradiat e and h e at all h e at e r at onc e . In this pr e f e rr e d e mbodim e nt, all 
25 th e h e at e r strips 720 on th e intermediat e mat e rial 760, are coated by a high absorbing s ubstance 
730 and ar e heat e d by a broad b e am, 710, which cov e rs and h e at all h e at e r - strips at th e s am e 
time for the duration of tim e for which the e n e rgy sourc e is on. 

[041 5] Both of the above can be made, in anoth e r pr e f e rr e d e mbodim e nt, using an insulating 
30 int e nn e diat e substanc e as th e int e miediat o mat e rial 760, said int e rmediat e /insulatiug mat e rial, 
however, is thin enougli to allow quick transfer of h e at to the underlying target mat e rial. In this 
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case, tho Higli absorbing substanc e (HAS) is d e posit e d on the insulator intermediate material- 
in whatev e r pattern is d e sir e d. Th e e nergy sourc e can then b e scanned across th e absorbers as in 
7B, or can b e largo area as in FIG. 7C. Th e r e gions cov e red with HAS will boat up and transfer 
th e ir e n e rgy to th e targ e t mat e rial and then, at a pr e d e t e nnined time, th e devic e will activat e an 
5 e n e rgy removing substance, for e xampl e a coolant spray, or a cryog e n clay, to quench th e 
h e ating and elimmat e some of th e pain and control the extent of the int e raction and th e tissu e 
modification. 

[0 4 16] FIG. 7D illustrates an ex e mplary cap 776 comprising of an int e miediatc mat e rial 777 on 
10 which a High absorbing substanc e can b e deposited, and a hold e r 779 that can b e attached, via 
th o guiding tub e 783, to the handpi e ce containing the en e rgy sourc e and the energy r e moving 
substanc e . 

[0 4 17] FIG. 7E shows that cap 776 attach e d with an int e rmediat e mat e rial 777 on which a High 
15 absorbing substance can b e d e posit e d, with its holder 779, attached, via th e guiding tub e 783, to 
th e handpi e c e 781 containing th e e n e rgy source and th e e n e rgy r e moving substance. 

[0418] In a furth e r pr e ferred e mbodim e nt th e e ff e ct of th e e n e rgy removal substanc e interacting 
directly wdth the target material or interacting with th e int e nn e diate substanc e absorbing th e 

20 source's en e rgy can be furth e r controll e d through th e action of an auxiliary source of en e rgy (or 
the sam e e n e rgy source activat e d again for additional p e riods and acting in coordination with the 
e nergy r e moval substanc e ) in ord e r to mitigat e e xc e ssiv e e n e rgy r e moval e ff e ct or e xcessiv e 
cooling (which may caus e harni to th e target material.) For exampl e , in FIG. 7F if th e time axis 
is r e pr e s e nt e d by the line 7035. Then a burst of energy 7005 at tim e 7006 may b e followed by th e 

25 application of th e e nergy r e moval substance 7015 at time 7016. Th e n, in order to control or 
mitigat e th e e ff e ct of th e e nergy r e moval substanc e , th e burst 7015 is follow e d by a second 
application of a burst of e n e rgy pulse 7025 at tim e 7026. If th e target material removal or 
modification proc e ss occur rep e titiv e ly, th e n th e e n e rgy/ e nergy r e moval/ e n e rgy application cycl e 
is r e p e titive as well as shown by the additional sequ e nc e s 70 4 0 and 7050 FIG. 7F. 

30 

[0119] FIG. 8. Anoth e r pr e f e rr e d embodiment cont e mplat e s "Th e peeling system'' shown in FIG. 
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8 i s mado of laycri 3 of paper of diff e r e nt color. As FIG. 8 illustrat e s, ono pr o foiTcd ombodim e nt 
o mploy e d a multil e v o led high absorbing s ubstance (HAS) syst e m compos e d of s o vcral lay e rs of 
high absorbing substance. Further, e ach individual layer may be composed of a different color. 
The id e a is to make us e of th e fact that 

5 

[0420] 1 . Th e high absorbing substanc e is consum e d during th e int e raction. 

[0421] 2. Th e longer the total interaction tim e is, th e d ee p e r th e themial damag e and 
modification to th e targ e t mat e rial b e low. 

10 

[0422] Thus, by e mploying multilev e l syst e m of high absorbing substanc e , wh e re each layer is 
compos e d of a differ e nt color, on e can cahbrat e precis e ly th e amount of h e at deposit e d in th e 
tissue. In particular, if one d e sign th e thermal conduction prop e rti e s of th e HAS lay e r, and if on e 
Icnows how much e n e rgy per unit tim e is r e quir e d to remov e a given thickn e ss of HAS, one can 
15 predetermine th e amount of th e nnal e nergy deposited in th e targ e t material. 

[0 4 23] As FIG. 8 shows, an e n e rgy source b e am 8 10 is impinging upon th e multi - layer syst e m of 
high absorbing substanc e films, 820. Th e first lay e r to int e ract with th e b e am is lay e r 830 of a 
green color, which, for example, can b e design so that a giv e n b e am/scan param e t e r set 
20 compl e t e ly r e moves it in a singl e path. In doing so, it d e posit an amount of X.X W/Cm2 of 
which y.y W/Cm ' is actually d e posited in th e targ e t material l e ading to Zl d e pth of thermal 
damag e and Al d e pth of ablativ e ly remov e d material. 

[0 4 2 4 ] A s e cond path may be design e d to r e mov e th e s e cond lay e r 8 4 0 of y e llow color, thus 
25 depositing Z.Z WAV/Cm " additional pow e r d e nsity in the targ e t e d tissu e . 

[0 4 25] On e can s e e that by controlling the interaction param e ters and the prop e rties of the high 
absorbing substanc e , th e manufactur e r can allow th e us e r to s e l e ct a pr e d e t e rmin e d eff e ct with 
desired outcome and well known e ndpoint corresponding to a giv e n color of th e e xpos e d lay e r. 
30 Such color sel e ction will tell th e us e r the e nd tr e atment end point. 
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[0426] Alternativ e ly in anoth e r preforrcd embodimont, the device may bo made of an 
intermediate material that is capabl e of absorbing the sources' on o rgy and transmit it to th e targ e t 
material on the other sid e of th e intermediate material in contact with the target tissu e . Th e 
int e rm e diate targ e t mat e rial poss e ss e s th e prop e rty wh e r e by e ach pass r e mov e s som e of th e 
5 interm e diate mat e rial and e xpos e s a now color or shade. Each such cons e cutive e xposure 
corr e sponds do a d ee p e r tissu e modification e ff e ct. 

[0 4 27] Alt e rnatively, the int e rm e diat e mat e rial changes its color with e ach cons e cutive 
application. 

10 

[0 4 28] Alt e rnativ e ly, the interm e diate material is capabl e of changing its color as a function of 
cumulativ e appli e d. 

[0 4 29] Alt e mativ e ly, the int e rm e diat e material ability to absorb en e rgy from th e source is 
15 diminish e d with consecutiv e application of e n e rgy. Said diminishing ability to absorb is 

calibrat e d to allow a known amount of total e nerg>^ to b e absorb e d by th e int e mi e diat e mat e rial. 

[0 4 30] Another embodiment cont e mplat e s th e int e rmediat e mat e rial b e ing abl e to absorb only a 
c e rtain amount of en e rgy per tim e . In oth e r word, its absorbing ability is e liminated after th e 
20 absorption of a known quantity of e nergy and then r e stor e d aft e r a c e rtain l e ngth of r e cov e ry 
tim e . 

[0 4 31] In a fiirther embodiment, the above intermediate material is a key to activating the device. 

25 [0432] The device cannot be activated and the energy source will not work unless the cup is in 
place. This is an important safety feature. 



30 [0433] It will be appr e ciat e d that although preferred e mbodiments of the present inv e ntion are 
d e scrib e d with re s pect to th e application of energy to skin and the cooling of s kin, typically for 
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purpos e s such as treatment or removal of slcin lesions or wrinkles, it is within the scop e of the 
present invention to apply en e rgy to and cool substantially any type of biological tissu e . For 
exampl e , tumors, polyps, hemangiomas, ectasias, artorio venous malfonnations, e sophageal 
varices, coronary arteries, hemorrhoids and c e llulit e d e po s its are appropriat e sit e s for application 
5 of the principles of the pr e s e nt inv e ntion. Additionally, non biological materials may be 
process e d in accordance with som e e mbodiments of th e pres e nt invention, as d e scrib e d 
h e reinabov e . It will be further appr e ciated that, although pref e rr e d embodiments of th e pr e s e nt 
inv e ntion ar e described her e in with r e sp e ct to an e l e ctromagnetic e n e rgy source, other h e ating 
d e vices ar e suitable in many applications. For e xainplo, these other h e ating d e vic e s may include 
10 an ultrasound energy sourc e or a h e ating e l e m e nt, which is plac e d in contact with th e target ar e a. 

[0431] P e rsons skilled in th e art will und e rstand that the pr e s e nt invention is not limited to what 
has been particularly shown and described hereinabove. Rather, the scope of th e pr e s e nt 
invention includ e s both combinations and sub combinations of th e various f e atur e s d e scribed 
15 h e r e inabove, as w e ll as variations and modifications thereof that arc not in th e prior art which 
would occur to persons slcilled in the art upon reading th e for e going description. 

f043 ^Additional Embodiments 

20 ("04361 1. A In one ex ample, a method for removing or modifying a material, 
comprising comprisesT 

[0437] applying energy to a material so as to remove or modify a portion of the material; and, 

25 [0 4 38] initiating removal of energy from the same material in coordination with the energy 
deposition phase. 

[0 4 30] 2. Th e in that circumstance it is contemplated that m e thod of claim 1 for r e moving or 
modifying a mat e rial, comprising: 

30 

[0 4 40] applying energy to a material can be acc om plished so as to remove or modify a portion of 
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the material; and, initiating removal of energy from the same material after the deposition of 
energy into the material. 



f044^- It is also contemplated that energy can be ap plied 3. Th e m e thod of claim 1 for removing 
5 or modifying a material substanc e , comprising: applying en e rgy to a region of the target material 
in order to remove or modify a portion of the material in the region; and initiating removal of 
energy from the same material during the deposition of energy into the material : or 7 

[0442] 4 . The method of claim 1 for r e moving or modifying a material substanc e , comprising: 
1 0 appl>ing energy to a region of the target material in order to remove or modify a portion of the 
material in the region; and initiating removal of energy from the material before the deposition of 
energy into the material. 

[0443] It is also conte mplated that 5. Th e m e thod of claim 1 for r e moving or modif/ing a 
1 5 material substanc e , wh e r e in the material substance can comprise compris e s the surface region of 
the material substance and some of the area below the surface. 

[0/|4/|] It is also contemplated that 6. A m e thod according to claim L wh e r e in the material to be 
modified or removed 4s -can be a region starting at the surface of a target material and extending 
20 into the bulk of the material. 

[0445] It is also conte mplated that 7. Th e m e thod of claim 1 for r e moving or modifying a 
mat e rial substanc e , wh e r e in the modified material substance compris e s can comprise the surface 
of the skin and some of the epidermis below the surface but no tissue below the epidermal- 
25 dermal junction. 

r0 44 61 It is also contem plated tha t the step of 8. A m e thod according to claim 1. wh e r e in 
initiating energy removal from the material compris e s can comprise any of the following: 

♦ thermoelectrically cooling^T 

30 

[0 4 17] 9. A method according to claim 1, wherein initiating energy removal from the 
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matorial compris e s circulating a cool gas through the energy-delivering element in 
contact with the target material^T 



[0 44 8] 10. A method according to claim I, wh e r e in initiating energy r e moval from the 
mat e rial compris e s applying a cryogen spray cooling;7 



[0 4 49] 1 1. A method according to claim 1, wherein initiating energy removal from the 
mat e rial compri se s applying chilled airflow following the energy deposition into the 
material^T 



[0 4 50] 12. A m e thod according to claim 1, wher e in initiating e nergy r e moval from the 
material compris e s applying a water spray in coordination with (before, during or after) 
the energy deposition into the material;T 



[0 4 51] 13. A m e thod according to claim 1, wh e r e in applying e n e rgy compris e s applying 
mechanical energy^T 



[0 4 52] 14. A method according to claim 1, wher e in applying energy comprises applying 
mechanical energy thorough the use of a sharp blade or an electro-surgical instrument^T 



[0 4 53] 15. A method according to claim 1, wherein applying e n e rgy compris e s 
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applying energy generated by plasma or appljdng energy thorough the use of plasma- 
mediated interaction; 



[0 4 5 4 ] 16. A m e thod according to claim 1, wh e r e in applying e n e rgy compris e s applying 
thermal energy; 



[0 4 55] 17. A m e thod according to claim 1, wh e r e in applying en e rgy compris e s applying 
optical energy;^7 



[0 4 56] 18. A m e thod according to claim 1, wherein applying energy compris e s applying 
ultrasound energy;^T 



[0457] 19. A method according to claim 1, wh e r e in applying e n e rgy comprises applying 
microwave energy^^T 



[0 4 58] 20. A m e thod according to claim 1, wh e rein applying e n e rgy compris e s applying 
electromagnetic energyr 



[0459] 21. A m e thod according to claim 1, wh e r e in applying e n e rgy compris e s applying 
X-Ray energy;T 
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[0 4 60] 22. A m e thod according to claim 1, wherein applying e n e rgy comprises applying 
the energy of a particle beam : and t 



[0 4 61] 23. A m e thod according to claim 1, wh e r e in applying e nergy comprises applying 
energy which is absorbed by an intermediate substance which is in contact with the target 
material to be modified or removed, said intermediate substance is capable of absorbing 
said energy, converting it to thermal energy and conducting the thermal energy to the 
10 target material. 



[0462] It is also co ntemplated that 2 4 . Th e m e thod of claim 23 wherein the intermediate 
substance can have any of th e following characteristics: 

1 5 • in contact with th e targ e t mat e rial and capabl e of absorbuig canabsorb energy, 

conv e rting convert it to thermal energy and conducting conduct said thermal energy to 
the target material, and i s- can be cooled after transferring at least part of the absorbed 
energy to the target material^T 



[0 4 63] 25. Th e m e thod of claim 23 wherein th e interm e diat e substance in contact with 
the target material is capabl e of substantiallv shi e lding can substantially shield the 
targeted material firom photons and electromagnetic energy cannot be transmitted or pass 
through it: and t 
25 

[0 4 6 4 ] 26. The m e thod of claim 23 wh e r e in th e int e mi e diate substance in contact with 
th e targ e t mat e rial is capabl e of substantially pr e v e nting can substantially prevent direct 
contact between the targeted material and any high absorbance substance that is deposited 
on a surface of the intermediate substance or is included in the intermediate substance. 



20 
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[0 4 65] It is also cont emplated that 27. Tho method of claim 23 wh e r e in the target material 
is- can be exposed only to the energy conducted through the intermediate substance in 
contact with the target material, said intermediate substance is capable of absorbing the 
5 electromagnetic energy, converting it to thermal energy and conducting it to the target 

material, and said target material is NOT exposed to any other forms of the applied 
energy which are not thermally conducted through the substance in contact with the 
target material. 

1 0 fQ466f It is also contemplated that 28. Th e m e thod of claim 23 wh e r e in some of the 

energy delivered to the target material k -can be p artiallv removed by applying a 
substance capable of removing energy to the intermediate substance absorbing the 
source's energy. 



15 fQ46y|-It is also cont emplated that 29. Th o method of claim 28 wh e r e in the substance 

capable of removing energy from the intermediate substance absorbing the source energy 
and from the target material ie -can have anv of the followin g characteristics: 

• be a circulating cooling gas circulating through the intermediate substance^T 



20 

[0468] 30. Tho method of claim 28 wh e r e in the substance be capable of removing energy 
from the intermediate substance absorbing the source energy and from the target material 
is a cryogen circulating through a thermally conducting element in thermal contact with 
the intermediate substance and thus also in thermal contact with the target material: and 
25 rhave an effect that 

[0 4 69] 31. The m e thod of claim 28 wherein the effect of the substance capable of 
removing e nergy from the inteiTnediatc substance absorbing th e sourc e e n e rgy and from 
the targ e t mat e rial is fiirther controlled or mitigated by the additional application of 



106 



energy in coordination with said substance capable of removing energy from the 
intermediate material. 

fQ4?Q]-Tt is also cont emplated that a ^^t-A device for modifying and removing material 
can comnrise comprising : an energy source and an intermediate material, said energy source is 
5 capable of imparting energy to said intermediate material; said intermediate material is capable 
of absorbing said energy and transferring said energy further to the target material to achieve 
modification or removal of said target materiaLt 

fQ4?4+ Such a device can have anv of the following char acteristics: 

10 • 33. Th e d e vic e of claim 32 wh e rein the energy source emits electromagnetic energy and 

the intermediate material is composed of a thermally conducting material which is also 
capable of absorbing said source's electromagnetic energy and then conducting it towards 
the target material^T 

• 

15 

[0472] 31. Th e d e vic e of claim 33 wh e r e in in coordination with transferring the source's 
energy to the target material^ a substance capable of removing energy from said 
intermediate material is applied to the intermediate material^T 

20 

[0473] 35. The devic e of claim 32 wher e in the intermediate material comprises a metal 
having one side in contact with said target material, wherein said metal is comprised of a 
material that has a high thermal conductivity yet is capable of absorbing the energy 
source's energy; 

25 • 

[047i] 36. The device of claim 3 4 wherein the energy-removing substance comprises a 
cryogen spray applied to the intermediate material^T 
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[0 4 75] 37. Th e d e vice of claim 31 whoroin the energy-removing substance is a coolant 
circulating through the intermediate material or circulating through a thermally 
conducting container in thermal contact with the intermediate material;^7 



[0476] 38. The d e vice of claim 32 wh e r e in an energy-removing substance is used in 
coordination with the deposition of energy in the target material;^7 



[0477] 30. The device of claim 37. wh e rein said the energv-removing substance 
comprises a flow of carbon dioxide^T 



[0 4 78] 4 0. Th e d e vic e of claim 37, wher e in said en e rgy removing substanc e comprises a 
flow of nitrogen^T 

[0 4 79] 4 1. Th e d e vice of claim 37, wh e rein said e nergy - removing substanc e compris e s 
air^T 

[0 4 80] 12. The device of claim 37, wherein said energy -removing substanc e compris e s 
freon ioii T 

[0 4 81] 4 3. Th e d e vice of claim 37, wh e r e in s aid e nergy - removing substanc e comprises an 
environmentally fiiendly coolant;^7 



[0 4 82] 44 . The d e vice of claim 33 wh e rein said the thermallv conducting intermediate 
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material is formed into a desired shape and pattern and placed with an additional type of 
intermediate material which is a poor thermal conductor thus allowing target material 
modification or removal predetermined by the shape of the portion of the intermediate 
material which is thermal conducting^^r 



[0483] 45. Th e device of claim 32. wh e r e in said the energy source comprises a laser^T 

[0484] 46. The d e vic e of claim 32, wherein said e n e rgy source comprises an arc lamp;^7 

[0 4 85] 4 7. Th e devic e of claim 32, wherein said e nergy sourc e comprises a flash lamp^T 

[0 4 86] 48. The d e vice of claim 32, wh e r e in said e n e rgy sourc e compris e s a xenon lamp;^T 

[0 4 87] 4 9. Th e device of claim 32, wh e rein said e n e rgy source comprises a microwave 
source;^T 

[0488] 50. The devic e of claim 32, wh e r e in said e n e rgy sourc e comprises an acoustic 
energy source; ^. 51 . The device of claim 32, wh e rein said e n e rgy source comprises an 
electric energy sourceiT 

[0489] 52. Th e d e vice of claim 32, wh e r e in said e n e rgy sourc e compris e s a current 
sourceioir 

[0 4 90] 53. The device of claim 32, wh e rein said e nergy sourco^compriscs a p lasma 
source^T 

[0 4 91] 54. A device according to claim 32, wherein directing the energy source to apply 
the energy comprises generating a beam of energy having a dwell time over a point in the 
region of less than 25 ms^t 
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fQ49S^In vet an other emb odiment, a device for modifying and rem oving material can 
comprise: an energv s ource and an interm ediate ma terial, said ener f^v source being cap able of 
impartin g energv to said intermediate material: and said intermediate material being capable of 
absorbing said energy and transferring said energy further to the target material to achieve 
5 modificat ion or removal of said target material: 55. A device according to claim 32. In such 
devices it is further c ontem plated that:the device can be capable of applying a nutrient to the 
tissue;^7 

[0 4 93] 56, A d e vic e according to claim 32, wher e in the target material compris e s can comprise a 
10 varix^T 

[0494] 57. A devic e according to claim 32, wh e r e in the target material can comprise . compris e s 
tumorous tissue^^T 

1 5 [0 4 95] 58. A device according to claim 32, wh e r e in the energy source comprises a broadband 
emission lamp ior. 7 

[0 4 96] 59. A d e vic e according to claim 32. v^li e r e in the step of initiating cooling comprises 
applying a cooled surface to the target material. 

20 

[0497] 60. A d e vic e according to claim 59, wh e r e in Where a cooled surface i§^ean-be-applied to 
the target , such cooling can be per formed:-bv activating an oscillating material body in contact 
with the target material, said oscillating material body is in contact with the target material 
during one phase of its oscillation and is not in contact with the target material during another 
25 phase of its oscillation i_OL T 

[0 4 98] 61 . A device of claim 3 4 , capabl e of initiating energy removal by applying a coolant to 
the target material. 

30 [0 4 99] 62. A devic e according to claim 61. wh e r e i n in the latter instance, the applied coolant 
comprises can comprise a liquid , and and wh e rein the device can be 4s-capable of directing a 
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flow of a gas towards a site on the tissue having the Hquid coolant applied thereto, so as to 
increase the rate of evaporation of the liquid coolant. 

fOSOQ f It is still further contem plated that 6^t-A device for depositing energy into a target 
5 material, the device compris es can comprise 1) an energy source, 2) an intermediate medium in 
contact with the target area capable of absorbing said source's energy said intermediate medium 
also capable of conducting said energy to the target material, and 3) a source of material 
substance, said material substance is capable, upon contact with the intermediate material, of 
removing at least some energy from said intermediate medium. In such devices. 

10 

[0501] 6 4 . The d e vic e of claim 63 wh e r e in the substance in the intermediate medium is -can be 
any of the following: 

• capable of absorbing said sourc e e n e rgy is located on the side farther away from the 
target material; 

15 » 

[0502] 65. Th e device of claim 63 wher e in th e substance in th e int e rmediate medium 
capable of absorbing said sourc e e n e rgy is located on the side farther away from the 
target material and said absorbing substance is consume by the interaction^^r 

20 • 

[0503] 66. The devic e of claim 63 wh e r e in th e substanc e in the intenn e diat e m e dium 
capabl e of absorbing said sourc e e n e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
25 gradually exposing deeper and deeper layers of the absorbing substance^^v 



[0504] 67. Th e d e vic e of claim 63 wh e rein the substance in the intennediat e m e dium 
capable of absorbing said sourc e e n e rgy is located on the side farther away from the 
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target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors^^r 



[0505] 68, Th e d e vice of claim 63 wh e rein th e substanc e in th e int e rmediat e medium 
capable of absorbing said source en e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers* color corresponding to different 
tissue modification effect;^T 



[0506] 69. The d e vic e of claim 63 wh e rein th e substanc e in th e int e rmediate m e dium 
capable of absorbing said source energy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponding to different 
tissue modification effect, wherein said energy source is a laser source; 



[0507] 70. Th e device of claim 63 wh e r e in th e substanc e in the intonnediate m e dium 
capabl e of absorbing said source energy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers* color corresponding to different 
tissue modification effect, wherein said energy source is a laser source; 
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[0508] 71 . The devic e of claim 63 wheroin the substance in the int e rmediate m e dium 
capabl e of absorbing said sourc e e n e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
5 layers possess different colors, and said different layers' color corresponding to different 

tissue modification effect, wherein said energy source is a laser source which is directed 
towards a single spot of an the absorbing substance in the intermediate medium capable 
of absorbing said laser source energy;^T 



[0509] 72. The devic e of claim 63 wherein the substance in the interm e diat e m e dium 
capabl e of absorbing said source e n e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a laser source which is directed 
towards a stirring mechanism capable of moving the beam in a predetermined pattem 
over absorbing substance in the intermediate medium capable of absorbing said laser 
source energy;^7 

20 • 

[0510] 73. Th e d e vic e of claim 63 wherein th e substanc e in th e int e rm e diat e m e dium 
capabl e of absorbing said source energy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 

25 gradually exposing deeper and deeper layers of the absorbing substance, said different 

layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a laser source which is directed 
towards a stirring mechanism capable of moving the beam in a predetermined pattem 
over absorbing substance in the intermediate medium capable of absorbing said laser 

30 soxirce energy, wherein parts of said intermediate substance are capable of conducting 
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said absorbed energy to the target surface and part of said intermediate medium are 
insulators; 



[051 1] 7 4 . Th e device of claim 63 wherein th e substanc e in th e intenn e diate medium 
capabl e of absorbing said source en e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a laser source which is directed 
towards a stirring mechanism capable of moving the beam in a predetermined pattern 
over absorbing substance in the intermediate medium capable of absorbing said laser 
source energy, wherein parts of said intermediate substance are capable of conducting 
said absorbed energy to the target surface and parts of said intermediate medium are 
insulators;^7 



[0512] 75. Th e d e vic e of claim 63 wh e rein th e substanc e in th e int e nn e diate m e dium 
capable of absorbing said sourc e energy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers* color corresponds to different 
tissue modification effect, wherein said energy source is a laser source which is directed 
towards a stirring mechanism capable of moving the beam in a predetermined pattern 
over absorbing substance in the intermediate medium capable of absorbing said laser 
source energy, wherein parts of said intermediate substance are capable of conducting 
said absorbed energy to the target surface and parts of said intermediate medium are 
insulators, wherein said laser source is of an energy of less then about 1.0 W;^t 
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[0513] 76, The devic e of claim 63 wh e r e in th e substance in the intermediate medium 
capabl e of absorbing said source e nergy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers* color corresponds to different 
tissue modification effect, wherein said energy source is a laser source which is directed 
towards a stirring mechanism capable of moving the beam in a predetermined pattem 
over absorbing substance in the intermediate medium capable of absorbing said laser 
source energy, wherein parts of said intermediate substance are capable of conducting 
said absorbed energy to the target surface and parts of said intermediate medium are 
insulators, wherein said laser source is of an energy of less then about 0.5 W^t 



[051 4 ] 77. Th e devic e of claim 63 wher e in th e substanc e in the intemiediat e m e dium 
capabl e of absorbing said sourc e e n e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers* color corresponds to different 
tissue modification effect, wherein said energy source is a broadband electromagnetic 
source which is directed towards a stirring mechanism capable of moving the beam in a 
predetermined pattem over absorbing substance in the intermediate medium capable of 
absorbing said laser source energy, wherein parts of said intermediate substance are 
capable of conducting said absorbed energy to the target surface and parts of said 
intermediate medium are insulators^^T 



[0515] 78. Th e d e vic e of claim 63 wh e rein th e substanc e in the int e mi e diat e m e dium 
capabl e of absorbing said source energy is located on the side farther away from the 
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target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a an ultrasound source which is 
directed towards a stirring mechanism capable of moving the beam in a predetermined 
pattern over absorbing substance in the intermediate medium capable of absorbing said 
laser source energy, wherein parts of said intermediate substance are capable of 
conducting said absorbed energy to the target surface and parts of said intermediate 
medium are insulators^T 



[0516] 79. Th e d e vic e of claim 63 wh e r e in th e s ubstanc e in th e int e nnediat e m e dium 
capabl e of absorbing said sourc e e n e rgy is located on the side farther away firom the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a microwave source which is 
directed towards a stirring mechanism capable of moving the beam in a predetermined 
pattern over absorbing substance in the intermediate medium capable of absorbing said 
laser source energy, wherein parts of said intermediate substance are capable of 
conducting said absorbed energy to the target surface and parts of said intermediate 
medium are insulator;^T 



[0517] 80. Tho device of claim 63 wher e in th e substance in the intermediate medium 
capabl e of absorbing said source en e rgy is located on the side farther away fi-om the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a and X-Ray source which is 
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directed towards a stirring mechanism capable of moving the beam in a predetermined 
pattern over absorbing substance in the intermediate medium capable of absorbing said 
laser source energy, wherein parts of said intermediate substance are capable of 
conducting said absorbed energy to the target surface and parts of said intermediate 
medium are insulators; 



[0518] 81. The d e vic e of claim 63 wher e in th e substanc e in th e int e nn e diat e m e dium 
capabl e of absorbing said sourc e e n e rgy is located on the side farther away from the 
target material and said absorbing substance is gradually consume by the interaction thus 
gradually exposing deeper and deeper layers of the absorbing substance, said different 
layers possess different colors, and said different layers' color corresponds to different 
tissue modification effect, wherein said energy source is a and X-Ray source which is 
directed towards a stirring mechanism capable of moving the beam in a predetermined 
pattem over absorbing substance in the intermediate medium capable of absorbing said 
laser source energy, wherein parts of said intermediate substance are capable of 
conducting said absorbed energy to the target surface and parts of said intermediate 
medium are insulators and wherein said intermediate substance is located within a 
attachment capable of being attached to a second compartment containing the energy 
source, said energy source is unable to operate or emit any energy without said the 
attachment being properly connected to the second compartment containing said energy 
source; 



[05 19] 82. Th e d e vice of claim 63 wherein said int e rm e diat e substanc e is located within a 
attachment capable of being attached to a second compartment containing the energy 
source, said energy source is unable to operate or emit any energy without said the 
attachment being properly connected to the second compartment containing said energy 
source; 
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[0520] 83, The devic e of claim 63 wh e rein said intenBcdiate substance is located within a 
attachment capable of being connected to a second compartment containing the energy 
source, said energy source is unable to operate or emit any energy without said the 
attachment being properly connected to the second compartment containing said energy 
source, thus ensuring that no radiation is emitted unless an attached cup connects, absorbs 
and contain said emitted radiation;^7 



[0521] 81. Th e d e vic e of claim 63, wh e r e in said int e rmediat e substanc e is a good 
conductor covered at desired locations with a highly absorbing substance, said 
intermediate substance is in contact with the skin;^T 



[0522] 85. The device of claim 63, wher e in said int e nnodiate substance is a good 
conductor covered at desired locations with a highly absorbing substance, said 
intermediate substance is in contact with the skin, said intermediate substance is capable 
of heating the skin with energy from a laser source, said intermediate substance is then 
capable of cooling the skin when a coolant is applied to it^T 



[0523] 86. Th e devic e of claim 63, wh e r e in said int e rm e diate substanc e is a good 
conductor covered at desired locations with a highly absorbing substance, said 
intermediate substance is in contact with the skin, said intermediate substance is capable 
of heating the skin with energy from a laser source, said intermediate substance is then 
capable of cooling the skin when a coolant is applied to it, thus allowing thermal 
modulation of the targeted skin : and 
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[052 4 ] 87. Th e d e vic e of claim 63, wh e rein said int o nncdiatc substanc e is a good 
conductor covered at desired locations with a highly absorbing substance, said 
5 intermediate substance is in contact with the skin, said intermediate substance is capable 

of heating the skin with energy from a laser source, said intermediate substance is then 
capable of cooling the skin when a coolant is applied to it, thus allowing thermal 
modulation of the targeted skin, said good conductor intermediate medium allowing the 
transfer of thermal energy from the location of the highly absorbing substance thought 
10 the good conductor intermediate material so the entire intermediate material is heated 

uniformly thus eliminating the need to steer the beam of energy. This eliminates the need 
for scanners, 

fO^S^ Viewed from another perspective, a ^^rA devise for modifying the condition of a 
material can comprise , comprising : 

15 

[0526] A ^source of optical energy for irradiating an intermediate material with electromagnetic 
radiation said intermediate material is substantially a strong absorber of said electromagnetic 
radiation; 

20 [0527] a^cooling element coupled to said source of energy for cooling the surface of the target 
material immediately after the irradiation period, said cooling means comprising: a thermally 
conducting intermediate material having one side in contact with the target material, wherein 
said conducting intermediate material is comprised of a material that is opaque to the source's 
optical energy and has a high thermal conductivity; and means for circulating a cooling gas to 

25 contact with said intermediate material. 

[0528] In such devices it is contemp lated that the 89. The d e vice of claim 88. wherein said 
irradiating means can comprise„ compris e s an arc lamp Uhe. T 

3 0 [0529] 90. Th e d e vic e of claim 88, wherein said cooling gas compris e s can comprise freon: 7 
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[0530] 91 . The d e vic e of claim 88, wh e r e in said cooling gas compris e s or_carbon dioxide^T 



[0531] 92, Th e devic e of claim 88, wh e r e in said ^intermediate material can be 4s-a metal^^T 

5 

[0532] '93. The devic e of claim 88, wh e r e in said int e rm e diat e material is a conducting material^r 

[0533] 9 4 . The devic e of claim 88, wh e r e in said interm e diat e mat e rial is a thin non-conducting 
material i_or. T 

10 

[053 4 ] 95. The devic e of claim 88, wherein said int e nnediate mat e rial is a thin paper^^T 

[0535] 96. Th e device of claim 88, wh e r e in said andthe intermediate material can be: 
• is-degraded by the interaction;^T 

15 

[0536] 97. Th e devic e of claim 88, wher e in said int e imediate mat e rial is ^degraded by the 
interaction at a given target material location and is replaced before use in new location 
by placing a fresh, unused, segment of intermediate material in contact with the new 
segment of target material to be modified; 

20 • 

[0537] 98. The devic e of claim 88, wherein said int e rmediate material is ^ degraded by the 
interaction at a given target material location and is replaced before use in new location 
by placing a fresh, unused, segment of intermediate material in contact with the new 
25 segment of target material to be modified, said intermediate material is shaped in the 

form of a tape which is wrapped around two rollers much like an audiotape or videotape 
is wrapped around two rollers which allow it to advance^^r 
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[0538] 99. Th e d e vice of claim 88, wherein said intcmiediat e mat e rial is ^degraded by the 
interaction at a given target material location and is replaced before use in new location 
by placing a fresh, unused, segment of intermediate material in contact with the new 
segment of target material to be modified, said intermediate material is shaped in the 
5 form of a tape which is wrapped around two rollers much like an audiotape or videotape 

is wrapped around two rollers which allow it to advance, said advance is achieved by 
manual activation of the rollers by the operator;^T 



[0539] 100. Th e d e vic e of claim 88, v/h e r e in said int e nn e diat e mat e rial is ^degraded by 
the interaction at a given target material location and is replaced before use in new 
location by placing a fresh, unused, segment of intermediate material in contact with the 
new segment of target material to be modified, said intermediate material is shaped in the 
form of a tape which is wrapped aroimd two rollers much like an audiotape or videotape 
is wrapped around two rollers which allow it to advance, said advance is achieved by an 
automatic activation of the rollers following completion of treatment of each individual 
site and cessation of action of the energy source and, when appropriate, the energy 
removal source;^7 

[0540] 101. The d e vic e of claim 88, wh e r e in said interm e diat e mat e rial is ^ degraded by 
the interaction at a given target material location and is replaced before use in new 
location by placing a fresh, unused, segment of intermediate material in contact with the 
new segment of target material to be modified, said intermediate material is placed at 
equal distance form the center of the disc shaped like a circular plate similar in shape to a 
compact disk;^7 



[05 4 1] 102. Th e d e vice of claim 88, wh e r e in said int e mi e diat e mat e rial is ^degraded by 
the interaction at a given target material location and is replaced before use in new 
30 location by placing a fresh, unused, segment of intermediate material in contact with the 
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new segment of target material to be modified, said intermediate material is placed at 
equal distance form the center of the disc shaped like a circular plate similar in shape to a 
compact disk, said disk is allowed to advance by the operator using manual activation of 
the disk spinning mechanism so that a new, fi-esh and unused intermediate material is 
placed in contact with the target material before treatment of each new target material 
location^^T 

[05 4 2] 103. Th e d e vice of claim 88, wh e r e in said intenn e diat e mat e rial is ^ degraded by 
the interaction at a given target material location and is replaced before use in new 
location by placing a firesh, unused, segment of intermediate material in contact with the 
new segment of target material to be modified, said intermediate material is placed at 
equal distance form the center of the disc shaped like a circular plate similar in shape to a 
compact disk, said disk is advanced by automatic activation of the disk spinning 
mechanism so that a new, firesh and unused intermediate material is placed in contact 
with the target material before treatment of each new target material location;^7 



[05 4 3] 104. Th e devic e of claim 88, wher e m said int e mi e diat e mat e rial is ^ degraded by 
the interaction at a given target material location and is replaced before use in new 
location by placing a firesh, unused, segment of intermediate material in contact with the 
new segment of target material to be modified, said intermediate material is shaped in the 
form of cap that can be attached, snapped on to, screwed on to, or attached by any other 
method to the rest of the device, be brought into contact with the skin and be replaced 
after each use at a given target material location;_orT 



[05 44 ] 105. The device of claim 88, wherein said intermediate mat e rial is degraded by 
the interaction at a given target material location and is replaced before use in new 
location by placing a fi"esh, unused, segment of intermediate material in contact with the 
new segment of target material to be modified, said intermediate material is shaped in the 
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form of cap that can be attached, snapped on to, screwed on to, or attached by any other 
method to the rest of the device, be brought into contact with the skin and be replaced 
after several uses at a given target material location. 

fO§4 ^Viewed from another p ers pective, a 106. A devise for modifying the condition of 
a target material, comprisin g can comprise : 

[05 4 6] A ^^source of energy embedded in an intermediate material and said intermediate 
material is capable of transferring thermal energy to and from the target material- : and 

[05 4 71 En e rg y anenergy removal component capable of removing energy from the target 
material. 

[05 4 8] In such devi ces, the 107. Th e d e vice of claim 106. wherein said source of energy 
can comprise a compris e s heater or 

[05 4 9] 108. Th e d e vice of claim 106, wh e r e in said sourc e of en e rgy comprises an electric 
heater^Jhg 

[0550] 109. Th e d e vice of claim 106 wh e r e in said source of energy can be: 
^is-continuously on and continuously transferring energy to the target material; 

[0551] 1 10. The device of claim 106 wherein said sourc e of energy is continuously on 
and continuously transferring energy to the target material while said energy removal 
component is activated periodically to removed energy from both the intermediate 
material and the target material; 



[0552] 111. The device of claim 106 wherein said sourc e of e nergy is continuously on 
and continuously transferring energy to the target material while said energy removal 
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component is activated periodically to removed energy from both the intermediate 
material and the target material, said activation of energy removal component is 
preprogrammed to achieve a desired heating and cooling cycle; 



[0553] 112. Th e d e vic e of claim 106 wh e r e in said sourc e of e n e rgy is continuously on 
and continuously transferring energy to the target material while said energy removal 
component is activated periodically to removed energy from both the intermediate 
material and the target material, said activation of energy removal component is 
controlled by determining the surfaces temperature^T 



[055 4 ] 113. Th e d e vic e of claim 106 wh e r e in said sourc e of e n e rgy i s continuously on 
and continuously transferring energy to the target material while said energy removal 
component is activated periodically to removed energy from both the intermediate 
material and the target material, said activation of energy removal component is 
controlled by determining the surfaces temperature and using a component of the device 
capable of feeding back the target material thermal characteristics component so that said 
feedback information control the activation of the energy removal component;^7 



[0555] 11 4 . Th e d e vice of claim 106 wh e r e in said sourc e of e n e rgy is an electric heater 
capable of conducting thermal energy and the source of cooling is a cryogen cooling 
spray; 



[0556] 1 15. The devic e of claim 106 wherein said sourco of energy is continuously on 
and continuously transferring energy to the target material while said energy removal 
component is activated periodically to removed energy from both the intermediate 
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material and the target material, said activation of energy removal component is 
preprogranraied to achieve a desired heating and cooling cycle and wherein the source of 
energy is an electric heater and the source of cooling is a cryogen cooling spray; 

5 

[0557] 116. Th e d e vic e of claim 106, wh e r e in said sourc e of en e rgy is a heater capable of 
rapidly being turned off or on and the component capable of energy removal is capable of 
rapidly removing the energy from the intermediate material;^7 

• 

10 

[0558] 1 17, The device of claim 106, wherein said source of energy is a heater capable of 
being rapidly turned off or on and the component capable of energy removal is a capable 
of rapidly removing the energy directly from the target material. 

f0§^9j - Viewed from another p erspective, a 44^7-A: system for removing or modifying a 
1 5 material substance, comprisin g can comp rise: 

[0560] an energy source capable of applying energy to a region of the target material, so as to 
remove or modify a portion of the material in the region; and 

20 [0561] An energy removal element capable of removal of residual energy subsequent to the 
material removal or modification of the target material. 

fO§63- f Such svstems can further comprise 1 1 9. The syst e m of claim 1 1 8 for removing or 
modifying a material substance, furth e r comprising of an element capable of synchronizing the 
25 action of the element responsible for energy deposition in the target material to the action of the 
element responsible for energy removal from the target material, and in such s ystems the energv 
source can be t 

[0563] 120. The System of claim 1 1 8 wh e r e in the e nergy s ource is a laser^ 
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[056 4 ] 121 , The System of claim 1 1 8 whor c in th e e n e rgy source is an electric heater^ 
[0565] 122. Th e System of claim 118 wh e r e in the e n e rgy sourc e is a thermoelectric cooler; 

5 

[0566] 123. Th e System of claim 1 18 wherein tho e nergy sourc e is a source of electromagnetic 
radiation^ 

[0567] 12 4 . The System of claim 118 wh e r e in th e e n e rgy sourc e is a source of acoustical energy^ 

10 

[0568] 125. The System of claim 1 1 8 wh e r e in the energy source is a source of mechanical 
energy^ 

[0569] 126. Th e System of claim 118 wh e r e in th e e n e rgy source is a hot steam^ 

15 

[0570] 127. Th e Syst e m of claim 118 wh e r e in th e e nergy sourc e is and aiLenergized fluids 
[0571] 128. The Syst e m of claim 1 18 wh e r e in th e en e rgy source is an energized liquid^ 
20 [0572] 129. Th e Syst e m of claim 118 wh e r e in th e e n e rgy sourc e is an energized solid^ 
[0573] 1 30. Th e System of claim 1 1 8 wh e r e in the en e rgy source is a light source^ 
[0574] 131. Th e Syst e m of claim 118 wherein th e e n e rgy sourc e is a microwave radiation^ 

25 

[0575] 132. The Syst e m of claim 1 18 wh e r e in th e e nergy source is a source of nuclear energy^ or 

[0576] 133. The Syst e m of claim 118 wh e r e in th e energy source is a source of chemical energy^ 
and wherein 

30 

[0577] 13 4 . The System of claim 1 1 8 wh e r e in the energy removal source is-could be a cold 
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liquid^ 

[0578] 135. The System of claim 1 1 8 wherein th e e n e rgy removal source is a cold fluids 

5 [0579] 136. The System of claim 118 wherein th e e n e rgy removal sourc e is a rapidly evaporating 
gas, 

[0580] 137. Th e Syst e m of claim 118 wh e r e in th e e nergy r e moval sourc e is a thermo eclectic 
cooler^ 

10 

[0581] 138. Th e System of claim 1 1 8 wh e r e in th e e n e rgy r e moval sourc e is a gas such as freon 
or freon-like gas or C02 or any other rapidly evaporating gas , or t 

[0582] 1 39. Th e Sy s t e m of claim 1 18 wh e r e in th e e n e rgy r e moval sourc e is a cool air^ 

15 

fO§8 ^Viewed from another perspective, a device for 1 4 0. A DEVICE FOR modifying material 
at both the surface level AND -and deeper into the material bulk_ , the device compris e s of can 
com prise: (Se e FIG. lOA) An aiLenergy source said energy 1007 can penetrate the martial 
and GRADUALLY graduallv (with respect to depth) can be deposited within it, yet said energy 

20 is also being capable of being absorbed by a substance capable of high absorption of said sources 
energy, said high absorbing substance (HAS) 1020 , is place at some location on the surface of an 
intermediate material medium (IMM) or a window-404-0, the surface which is closer to the 
energy source and further from the material to be modified-tO^. Part of the energ y 1 0 4 7 is 
absorbed by the HAS on the surface of the window or intermediate material medium (IMM), and 

25 part of the energ y 1057 penetrates into the material to be modified and there it is scattered and 
propagates inward 1057 . As the energy-405^ (for example, optical energy) is penetrating inward 
into the material, it is being gradually absorbed in the material and converted to heat and thermal 
energy, interacting with the material to be modified and modifying and conditioning it. At the 
same time the portion of the energy from the energy source encountering the HAS 10 4 7 is 

30 substantially completely absorbed by the HAS and then thermally conducted-+067 to the surface 
of the material to be modified below it. If the IMM or window is made of a thermally conducting 
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substance, for example, sapphire, then said thermal energy diffusion out of the HAS region, also 
diffuses laterally and substantially creating a uniform surface layer (blanket) of thermal energy 
over the modified material surface, said blanket of thermal energy diffuses and modifies the 
surface of the modified material. 

5 

[0584] Said modification of surface region may be accomplished more rapidly and with higher 
temperatures, since the entire absorbed surface may be concentrated in a narrow surface area. 

[0585] After a predetermined length of time (determined by the operator/designer to be sufficient 
10 to generate enough thermal energy and enough thermal energy penetration and enough thermal 
energy interaction with the material to be modified, an energy removal source is activated to 
discharge and energy removal substance, said energy removal substance remove the energy from 
the HAS, and from the IMM. The removed energy allow the IMM temperature to drop and the 
new thermal gradient thus generated cause thermal energy flow BACK from the material to be 
1 5 modified to the IMM, thus removing material from the material to be modified, and quenching 
the interaction. 

[0586] Said IMM may also be hollow so that energy-removing-substance may circulate through 
it, thus achieving more rapid and efficient energy removal from the material to be modified. 
20 Alternatively, the energy removal substance may be sprayed on the IMM surface closer to the 
energy source and further from the material to be modified. Altematively, the energy removal 
substance may be applied directly to the surface (egf the material to be modified, thus allowing a 
very efficient energy removal. 

25 [0587] In such a device. 141. Th e d e vic e of claim 1 4 0 wh e r e in the intermediate material 

substance_ -could comp rise is compos e d of TSee FIG. 101 A) partially reflecting substance-+440 so 
that partial perforation of the HAS film or HAS cap or HAS cartridge results in detectable drop 
In the backscattered radiation level. This backscattered light is detected by a detector 
substantially feedback the signal to the source, automatically stopping the source from emitting 

30 energy if said signal level drops below a predetermined level. S ee FIG. 101 A B e low. 
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[05S8] 1 42. Th o d e vice of claim 141 wh e rein the int e rmediate matorial substance is could be 
highly absorbing and not thermally conducting but a few reflecting substance element are 
dispersed on the surface of the intermediate material substance facing the energy source. The 
reflected energy is then detected by a photo-detector. If said reflected energy drops below a 
5 certain level, thus indicating possible perforation of the HAS cap, the energy source is 

immediately disabled. This will ensure that no energy comes out of the cap if said HAS cap is 
perforated or otherwise allows energy leakage. 

[0589] Viewed from another perspective, a 44^rA method and a device for controlling the 
10 distribution of energy in a target material^ wbefe -wherein k^the surface is heated by energy of 
the source absorbed by the high absorbing substance n 100 in FIG. 103A1 . and is then 4 s 
diffused to the surface of the material to be modified-440^. This source energy absorption at the 
surface by the high absorbing substance (HAS) is then converted to thermal energy-+430 and 
diffuses as thermal energy-1450 into the material to be modified material in the direction of the 
15 arrows 1115 . On the other hand, some of the source energy is allowed to pass through the 
intermediate material substance-4-00#. 

[0590] FIG. 10 4 A shows what happens to th e sourc e 's e nergy that is allow e d to pass through the 
windows 11 10. This direct source energy4450 passing thorough the windows44W, is then 

20 scattered as it propagate through the material to be modified44€^, essentially creating source 
energy diffusion (or optical energy diffusion if the source energy is optical in an exemplary 
case). The diffused source energy44^ penetrates much deeper into the target material 1105 , and 
then gradually is absorbed by the target material thus creating much deeper thermal (or even 
mechanical or chemical effects). The combination of low lying diffusion thermal energy and 

25 deep-penetrating source energy allow the operator to tailor and engineer any spatial energy 
distribution desired. 

[0591] Finally, a m e thod and a d e vice methods and devices are contemplated for creating thermal 
(as well as source energy/thermal energy effect at the targeted material 1 105 (see FIG. 105 A) , 
30 while allowing rapid energy removal at the end of the energy deposition cycle. A highly 
conducting intermediate material4305 which is also substantially transparent to the source 
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energy is coated with HAS 1 1 00 at the surface closest to the target material. The absorbed source 
energy is then converted to thermal energy-4444 which then diffuses into the target material 
1105 . At the desired instance in time, a cooling agent 1 220 is released and allowed to circulate 
within the intermediate material 1205 thus removing energy from the surface of the target 
5 material 1105 minimizing discomfort and reducing residual damage. Subsequently, the cooling 
agent 1220 is removed and the intermediate material is ready for fiirther use when the energy 
source is activated again. 

10 [0592] Figure xxx yy>^ 

[05931 Yuv bibi bibi NEW MOTHOD/d o vico add e d! ! .f\vdarw. 

fQ^94f In vet another em bodiment, a device i s contemplated for A DEVICE FOR modifying 
15 material at both the surface level 7'y4& -and_ deeper into the material bulk, the device comprises of 
comprisine: 

[0595] An m energy source, said energy can penetrate the martial and GRADUALLY graduallv 
(with respect to depth) can be deposited within it, yet said energy is also being capable of being 

20 absorbed by a substance=^high absorbing substance (HAS), said HAS, is place at some location 
on the surface of an int e rmidiat e intermediate material medium (IMM) or a window (the surface 
which is closer to the energy source and further from the material to be modified). Part of the 
energy is absorbed by the HAS on the surface of the window or intermediate material medium 
(IMM), and part of the energy penetrates into the material to be modified and there it is scattered 

25 and propagates inward. As the energy (for example, optical energy) is penetrating inward into the 
material, it is being gradually absorbed in the material and converted to heat and thermal energy, 
interacting with the material to be modified and modifying and conditioning it. At the same time 
the portion of the energy from the energy source encountering the HAS is substantially 
completely absorbed by the HAS and then thermally diffuses to the surface of the material to be 

30 modified below it. If the IMM or window is made of a thermally conducting substance, for 
example, s^tee sap_Ghire , then said thermal energy diffusion out of the HAS region, also 
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diffuses laterally and substantially creating a uniform surface layer (blanket) of thermal energy 
over the modified material surface, said blanket of thermal energy diffiises and modifies the 
surface of the modified material. 



5 [0596] Said modification of surface region may be accomplished more rapidly and with higher 
temperatures, since the entire absorbed surface may be concentrated in a narrow surface area. 

[0597] After a predetermined length of time (determined by the operator/designer to be 
s ufficin e t sufficient to generate enough thermal energy and enough thermal energy 

10 p e nt e ration penetration and enough thermal energy interaction with the material to be modified, 
an energy removal source is activated to discharge and energy removal substance, said energy 
removal substance remove the energy fi-om the HAS, and firom the IMM. The removed energy 
allow the IMM t e rmp e ratur e temperature to drop and the new thermal gradient thus generated 
cause thermal energy flow BACK from the mati e ral m aterial to be modified to the IMM, thus 

1 5 removing material firom the material to be modified, and quenching the interaction. 

[0598] Said IMM may also be hollow so that energy-removing-substance may circulate 
thoru^^h through it, thus achieving more rapid and e fific e nt efficient energy removal from the 
material to be modified. Alternatively, the energy removal substance may be sprayed on the 
20 IMM surface closer to the eafgyenergv source and further fi:*om the material to be 

modif e d modified . Alternatively, the energy removal substance may be applied directly to the 
surface feof the material to be modified, thus allowing a very efficient energy removal. 

ffl5994 -In vet another embodiment, devices and methods are contemplated A d e vic e and a 
25 m e thod for removing or modifying a material substance, comprising: applying energy to an 

intermediate material, said intermediate material subsequently delivery said energy to the target 
material. The device and the method also utilize active energy removal schemes in order to 
minimize pain, and/or protect some tissue and or control tissue modification and removal effects. 

30 PREFERRED EMBODrMENT LAYERED INTERMEDIATE MATERIAL/HIGH 
ABSORBING SUBSTANCE 
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[0600] FIG, 8 shows anoth e r pr e f e rr e d e mbodiment of the prosent invention. Iii this embodim e nt, 
• a grid 810 mado of a rigid mat e rial is attached to a fihn of a substanc e of high absorption 820 to 
form an int e rfac e b e tw ee n th e impinging sourc e 's e n e rgy and th e targ e t mat e rial Th e film of 
5 substanc e of higli absoiption 820 i s in contact with th e targ e t material, while th e grid 810 is 
facing the e n e rgy sourc e . The grid 810 can be made of aluminum or any oth e r substance. 
Preferably it is mad e of material that do e s not absorb th e sourc e energy ver>^ w e ll. The en e rgy 
from the sourc e , passes througli th e op e nings in th e grid and is th e n absorb e d by th e film of high 
absorbing substance 820 and is th e n tran s f e rr e d to the target tissu e . The en e rgy is e ith e r not 

10 absorb e d well by th e grid or if absorb e d, is not suffici e ntly damage th e grid. Th e grid 810 may 
also s c i-ves as a active cooling to cool the targ e t material and th e high absorbing substanc e film. 
Th e grid 810 may, for e xampl e , function as a th e rmo e l e ctric cool e r wh e r e e ach lin e on th e grid i s 
trigg e r e d at a differ e nt time (for exampl e , cooUng can b e trigg e red so that cooling a line on th e 
grid is triggered to follow an en e rgy scan along or in th e vicinity of that Hn e . This phas e d cooling 

15 can assure e fficient int e raction at, for e xampl e , th e region parallel to giid lin e 8 4 0 while th e 
region parall e l to the ar e a 840 is b e ing infus e d with en e rgy from th e e nergy sourc e . On e 
exemplary w^ay to prepare such a grid 810 is to us e a m e tallic thin sh ee t cut out to the d e sir e d 
dim e nsions, cr e at e a p e rforation patt e rn in said thin sh ee t of m e tal and th e n, attach th e film of 
high absorbing substanc e to th e sh e et of metal. 

20 

[0601] hi another prefered e mbodiment, shown in FIG, 9, an apparatus is contemplat e d by th e 
invenrion to allow diff e r e nt focusing l e nses to cr e at e diff e r e nt spot sizes at th e higli abosrbing 
substance. In this embodiment, a telescopic attachm e nt 910 to which a higli absorbing substanc e 
interm e diat e material cap 920, is capabl e of b e ing e xt e nded or fold e d to th e d e sired l e ngth from a 

25 position, 930 to which a corr e sponding l e ns can b e attach e d. Th e Operator can thus ins e rt a 
vari e ty of l e ns e s with diff e r e nt focal l e ngths (th e r e by creating a rang e of target eff e cts) and 
adjust th e t e l es copic attachment 91 0 to the corr e sponding proper l e ngth. Th e lenses 950 can 
e ither b o ins e rt e d on e by one to a len s hold e r po s ition 930, or they can be all mounting on an 
exemplary r e volving caiTOuscl or drum 960, said r e volving caiTOusel or drum 960 is placed at th e 

30 l e ns holding posidon 930. Th e op e rator can then rotat e the r e volving carousel or drum to th e 
position w^h e rc the desir e lens is engaged and adjust th e t e l e scopic attachment 910 to the prop e r 
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position. Of course the entire process can be automated and driven by a motor so that th e 
operator can s e l e ct the target or tissue effect he wish, th e drum is automatically rotat e d to the 
prop e r position with the proper lens selection, and th e tel e scopic attachm e nt 910 is automatically 
adjust e d by motor to th e appropriat e extended length. Also shown in FIG. 9 is an optional energy 
5 r e moval syst e m 970. Such e n e rgy removal syst e m can consist, for exampl e , of a coolant 

reservoir and e jection control, 970, which, for e xampl e , on d e mand, allow an e xemplary jet of 
coolant spray 980 to discharge and be direct e d toward the int e rm e diate mat e rial m e dium 920 
with th e high absorbing substanc e . The cooling of th e interm e diat e mat e rial m e dium also remov e 
e nergy from th e targ e t mat e rial and thus the cooling of the both the int e rmediate material as well 
10 as th e cooling of th e targ e t mat e rial is achi e v e d. 

It will be appreciated that althou ^ preferred embodiments of the prese nt invent ion are des cribed 
with respect to the application o f energ y to skin and the cooling of skin, tvpicallv for purposes 
such as treatment or removal of skin lesions or wrinkles, it is within the scop e o f the present 

15 invention to applv en ergy to an d cool substantiallv an y ty pe of biological tissue. Fo r example, 
tumors, polyps, hemanfflomas. ectasias, arterio-venous malformations, esopha geal varices, 
coronary arteries, hemorrhoids and cellulite deposits a re appro priate sites for application of the 
principles of the present invention. Additionally, non- biolo gical materials may be pr ocessed in 
accordance with some embodiments of the present invention, as described hereinabove. It will be 

20 further appreciated that, although preferred embodiments of the present invention are described 
herein with respect to an electromagaetic energy source, other heatinR devices are suitable in 
many applications. For example, t hese other heating devices may include an ultrasound energy 
source or a heating element, which is placed in contact with the target area. 

25 Persons s killed in the art will understand that the present inv ention is not limited to what has 
been particularly shown and described hereinabove. Rather, the scope of the present invention 
includes both combinations and sub-combinations of the various features described hereinabove, 
as well as variations and modifications thereof that are not in the prior art which would occur to 
persons skilled in the art upon re adin g the foregoin g description. 

30 
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